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GH ARLES william; ADAMS, 1840-1918. 

Charles William Adams was bom at Bucklands, Tasmania, on the 7th July, 
1840. His parents, the Rev. Henry Cay Adams and his wife {nee Maiden), 
were early settlers in Tasmania. He was educated at the Campbelltown 
Grammar School under Dr. W. Carr Boyd, of Trinity College, Dublin. 

After some experience in land-surveying in Victorife, and Tasmania he 
came to New Zealand in 1862 and entered the Provincial Survey Depart- 
ment of Otago, being appointed in 1865 to the Wellington Provincial 
Survey Department. In 1867 he returned to the Otago Survey Depart- 
ment, and on the abolition of the provinces in 1876 he was appointed 
Geodesical Surveyor in the General Government. 

In 1877, when engaged in latitude observations on the west coast of 
the South Island, Mr. Adams discovered an error in the British Admiralty 
Nautical Almanac. His programme included observations to eight stars — 
four north and four south of the zenith — and at each of three stations 
Alpha Centauri was one of the stars observed to the south of the zenith. 
The observations were made in April, May, and June, and when reduced 
the observations on Alpha Centauri were not consistent with the others. 
It is to be remembered that the observations were made with a portable 
field theodolite with. 8 in. circles, and not with the large instruments of an 
observatory. 

The difference disclosed was of the order of 12'^, whilst his probable 
error of each of the other results was about V. Mr. Adams thereupon 
corresponded with the Astronomer Royal (Sir G. B. Airy), Greenwich, and 
the Government Astronomer (Mr. R. L. J. Ellery), Melbourne, with the 
result that the error was admitted, and the declination of Alpha Centauri 
was afterwards corrected. 

It should be stated that the Nautical Almanac position of Alpha 
Centauri depended on Herschel’s observations at the Cape of Good Hope 
in 1834-38, and that a small proper motion had been accumulating for 
about forty years, and, not being taken into account, the position in 1877 
was some 11^ in' error. 

In 1882 a temporary observatory was built at Mount Cook, Wellington^ 
to prepare for the observation of the Transit of Venus on the 7th December, 
1882. Previous to this event, and in preparation for it, Mr. Adams under- 
took extensive observations for time and azimuth, and exchanged time 
signals with the British and other astronomers who observed the Transit 
of Venus in New Zealand. 

In 1883 Mr. Adams observed over one hundred pairs of stars with 
the zenith telescope for latitude at Wellington. In September he visited 
the observatories at Melbourne and Sydney to prepare for the exchange of 
time signals by the submarine cable between Sydney and Wellington for the 
determination of the difference of longitude. The astronomical observations 
were made and the time signals exchanged in December, 1883. Mr. Adams 
was the astronomer at the Wellington Observatory, whilst Mr. Russell, 
Government Astronomer of New South Wales, was in charge at Sydney. 
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Twentjr years later another determination of the di^rence of longitude 
between Sydney fmd Wellingtoii was bbtained by the Canadian Asl^ro^iomer, 
Dr. Otto Klotz, and by Mr. Thomas King, the New Zealand Astronomer, 
and so accurately was the work performed by all the astronomers that 
the two determinations differed only some 17 ft. in a distance of over 
1,200 nautical miles. 

Mr. , Adams was engaged in other astronomical work until 1885, and 
took part in the observations of the total solar eclipse on the 8th Septem- 
ber, 1885. In that year he was appointed Chief Surveyor of Otago ; in 
1896 he was transferred to Marlborough; and he retired from the Public 
Service in May, 1904. 

His scientific activities were wide and varied. For twenty years he 
was the editor of the ISew Zealand Surveyor, and almost every number of 
that periodical contains some scientific article from his pen. He was a 
life member of the New Zealand Institute, and was a past President of the 
Otago Institute. 

He addressed the Wellington Philosophical Society on “ Daylight-saving,’* 
a device to which he strongly objected ; but he was an energetic advocate 
for a permanent alteration of the clock of half an hour, so as to make New 
Zealand standard time twelve hours in advance of Greenwich mean time. 

He was connected with the Hector Observatory, and was in charge of 
the time service during the interval when the Observatory was being moved 
from Bolton Street to Kelburn. It was during this period that he developed 
the ^.Imucantar method of time observation with a 12 in. transit theodolite. 

His ripe experience in astronomy was invaluable to the Hector Observa- 
tory, to which institution he acted as honorary scientific adviser. It is 
interesting to note that the transit instrument and astronomical clock used 
by, Mr. Adams in 1883 are now in use at the Observatory. 

The above details of Mr. Adams’s scientific activities were supplied 
by his son, Dr, C. B. Adams, of the Hector Observatory ; and whilst the 
writer, during his twenty-five years in the Lands and Survey Department, 
knew Mr. Adams through such papers as those dealing with the sag of 
steel bands and calculations in connection therewith, and other like 
technical papers, it was not until comparatively recently that he came 
into personal contact with him, and then it was in an entirely different 
department of mental activity, the department of poetry and literary 
criticism, where again his bent of original thought gave value to such 
acute observations as he occasionally made : this side of his nature is 
well represented in his son Arthur H. Adams, 

Those who knew him characterize him as a hard and conscientious 
Worker, methodical and orderly ; a rugged personality, who lived intensely 
in the present. His life and work taught the lesson — do ever 3 rthing in 
the best way possible, and by unremitting labour improve upon it the next 
time. He was always good company, his tenacious and ready memory 
supplying him with a fund of anecdotes, so that he was always able to 
introduce one or more, quite apropos, whatever the subject of conversation. 

He retained his scientific activities right to the end, and less than a 
month before he died he read a paper on a novel star atlas before the 
Astronon(iical Section of the Wellington Philosophical Society. 

Mr. Adams died at his residence, Bellevue Road, Lower Hutt, on 
Tuesday, the 29th October, 1918, from heart-failure, his widow (sister of 
the late B. T. Gillon) and a family of six (five sons and one daughter) 

surviving him. ^ . 

® Johannes C. Andersen. 







MAaOR THOI)AAS BROUN, 1338-1910. 

Major Thomas Broun, a member of an old titled Scottish family, was 
born in Edinburgh on the ll)th- July, 1838, and died in Auckland on the 
24th August, 1919. Both his father and an uncle (Captain Thomas Broun) 
Were naturalists of considerable repute in their day, and no doubt it was 
from them that he inherited his scientific tastes. 

Intended for the Armf, he was educated by a private tutor in Edin* 
burgh, and received his first commission at the age of sixteen, during the 
Crimean War. After the close of that war he accompanied his regiment 
(the 35th Royal Sussex Infantry) to Burma. Here the large size and 
brilliant colours of many of the tropical insects attracted his attention, 
and he commenced to form a collection for the British Museum. But the 
outbreak of the Indian Mutiny in May, 1857, put an end to this project, 
and his regiment was despatched to Calcutta. Immediately on arrival 
it was sent to succour the French settlement of Chandernagore, whose' 
existence was then threatened by a large body of mutineers ; and for 
services rendered during this expedition he many years afterwards received 
the distinction of Knight of the Legion of Honour. He served in India 
during the whole period of the Mutiny. He was present at the assault 
and capture of Delhi, at the relief of Lucknow, and was attached to liord 
Clyde’s main force through inotst of his campaigns. He received the Indian 
Mutiny medal and other decorations. Towards the close of 1861 he was 
struck down with cholera, and narrowly escaped death. He was invalided 
home in 1862, and retired from the Army in the same year. 

In 1863 he married, and after a brief stay in Gotland emigrated to 
New Zealand. He brought with him letters of introduction from the Duke 
of Hamilton to Sir George Grey, who at once offered him a commission as 
Captain in tlie Ist Waikato Regiment, then being formed for service during 
the Maori War. He served through the whole of the war, partly in 
the Waikato and partly on the East Coast, and was awarded the New 
Zealand medal. Shoitly afterwards he took up land in the Opotiki district, 
and remained there for some years. His attempts at farming, however, 
did not piove remunerative, and on the advice of the Hon. Colonel 
Haultain, who, as Defence Minister, was well acquainted with him, he. in 
1876 accepted educational work under the Auckland Board oh Education, 
and remained in the service of the ‘Board until 1888. He was appointed 
Government Entomologist in 1 890, a post which he held for several years. 

Major Broun’s active work in New Zealand entomology commenced 
immediately after the close of the Maori War, and continued to within a 
few weeks of his death. Although he collected a considerable number 
of Hemiptera and Orthopteia for various correspondents, and had a good 
working knowledge of most other families, his chief efforts were always 
devoted to the Coleoptera. When the writer first met him, in 1875, he 
stated his desire to prepare a general work on the New Zealand species, 
and described the preparations he had^ already made in' amassing material 
and obtaining works of reference. A few years later he applied to the 
Auckland Institute for assistance in publishing his work. The Institute, 
having no funds that it could devote to such a ^purpose, forwarded his 
application to Sir James Hector, as Director of the Colonial Museum and- 
Geological Survey, After some little delay the publication of the work 
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was authorized, and it appeared in 1880. An opinion given by Captain 
Hutton to Sir James Hector may be appropriately quoted here : “ I regard 
this as a most excellent work, containing 1,140 species, a large part of which 
are described for the first time. No country outside Europe and the United 
States has produced such a catalogue.” Sir James Hector refers to it as 
“ a monument of the zeal and industry of an ardent naturalist.” 

The publication of the Manual not only spurred the author to renewed 
efforts, but brought to the front collectors in all parts of the Dominion. 
Five supplementary parts were issued between 1881 and 1893. Seven 
memoirs of considerable length appeared in volumes 41 to 45 of the 
Transactions of the New Zealand Institute^ while six Bulletins have since 
been separately printed. In these publications the author has increased 
the 1,1^ species of the Manual to 3,979 ; and it is understood that much 
additional manuscript remains in the hands of the Institute. There aie 
few countries, if any, where a single individual has so fully and completely 
described a branch of the fauna equivalent in numbers to that of the 
Coleoptera of New Zealand. 

Major Broun devoted himself to his work with a conscientious single- 
mindedness, and with inexhaustible energy ; and it was not until he had 
long passed the ordinary span of life that he knew what it was to be tired 
either in body or in mina. As for his chaiacter, he was mainly distinguished 
by being thoroughly honest and outspoken ; and, from his naturally inde- 
pendent spirit and bearing, he was sometimes misunderstood.^ He had a 
warm and feeling heart, and to his friends he was a genial companion, full 
of anecdotes, which he often related with much felicity of expression, 

T. F. Cheeseman. 
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QBORQ6 HOOBBNp 1868-1920. 

GBORaE Hogbbn, whose death occurred on the 26th Aprd, 1920, will be 
remembered for two things : as being one of the most eminent educationists 
the Dominion has produced, and as being the outstanding pioneer nf 
seismology in the Southern Hemisphere. 

Born in Islington, London, in 1853, the son of a Con^gationaL 
minister, he was educated at the Congregational School, Lewisham, Kent 
(now Caterham School), from 1864 till 1868, and at the University ^hool, 
Nottingham, where he held a scholarship from 1869 to 1871. (In the 
interval he was a pupil-teacher in a private school for boys.) He then 
entered the English Civil Service, and attained the high position of junior 
auditor in the Accountant and Controller-Generars Department. He left 
the Service to enter at Cambridge, where he graduated B.A. in 1877 and 
M.A. in 1881, after fighting the battle of the non-conforniists with the 
sectarian conservatism of the old university. He was Mathematical Scholar 
and Prizeman at St. Catherine’s College, Cambridge, with the added dis- 
tinction of Exhibitioner of the Goldsmiths’ Company. While at Cambridge 
he rowed on the Cam three years for his college, and proved himself a good 
exponent at cricket and football, besides achieving the distinction of being 
president of the College Debating Society. After graduating with first-class 
mathematical honours, he took post-graduate work in physics. He entered 
the teaching profession as mathemaUcal and science master at Oldenham 
Grammar School, to which appointment he went immediately after leaving 
Cambridge. 

In 1881 he was selected by commissioners in England as mathematical 
and science master in the Christchurch Boys’ High School. Five years 
later he was appointed by the North Canterbury Education Biard to the 
position of Inspector of Schools, and he held this post till 1889, when 
he was appointed headmaster of the Timaru Boys’ High School, where he 
remained for ten years. During all this time he had taken a keen interest 
in all matters pertaining to education, being for three years president of 
the North Canterbury Educational Institute, and in 1886 president of the 
New Zealand Educational Institute. 

In 1899 he was appointed to the position of Inspector-General of 
Schools under the New Zealand Education Department, and he held this 
post until his retirement in 1915. During his tenure of office were carried 
out very many important educational reforms, for most of which he was 
directly responsible. It has been said by a teacher who was much 
associated ’vyith him, especially in the fixing of the scale of salaries of 
primary-school teachers, and in the drawing-up of the teachers’ super- 
annuation scheme, “ No other man who has ever been associated with 
the administration of the education system of this Dominion has left a 
deeper and more permanent impression upon it, nor can any other man 
of his time lay claim to have done more to further the cause of educational 
progress than did the late George Hogben.” His plans were all most 
** carefully thought out and most thoroughly presented ; he would justify 
and defend his schemes with skill and vigour, but would accept his 
occasional defeats with unfailing good spirit. The same teacher has said 
of him, “ He was a hard fighter, but a fair fighter, and was absolutely 
without vindictiveness.” This was, indeed, one of the most charming 
features in his character. 
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He represented New Zealand at the Empire Educational Conference 
in London in 1907, at the International Conference of School Hygiene, tiie 
International Conference on the Teaching of the Deaf, and the International 
0(Hiference on Moral Education— all in the same year. On his return 
Us valuable report on ''Schools and other Educational Institutions in 
Europe and America ” was published as a parliamentaiy paper. 

Upon his retirement from the Public Service Mr. Hogben continued to 
render good service as a member of the Council of Education. He was 
also a member of the University Senate for some years, and was always 
radical, in his idea of reforms. He was largely responsible for the intro- 
duction of the degree of Bachelor of Science in Home Science, and this is 
one of the reforms which has already justified itself. His public services 
were acknowledged by the bestowal of the C.M.6. in 1915. 

His activity in the educational sphere did not .prevent his indulging an 
original bent in mathematics and physical science. 

His first contribution to the New Zealand Institute was a paper, read 
before the Canterbury Philosophical Society on the 7th October, 1886, 
entitled ‘ ■ Transcendental Greometry ; Remarks suggested by Mr. Frankland’s 
paper ‘ The Non-Euclidian Geometry vindicated.* ** His last paper was "A 
Note on East Coast Earthquakes, 1914r-17,” contributed to the Wellington 
Philosophical Society on the 12th December, 1917. Of his numerous papers 
published in volumes 20 to 40 of the Transactions of the New Zealand 
ImtUute, eighteen dealt with earthquake^ and he was the recognized 
authority on seismology in the Dominion. It should be noted that the 
last paper from his pen actually published appeared in the New Zealand 
Journal of Science and Technology in the very month of his death — April, 
1920. It dealt with the subject he had made peculiarly his own, and was 
entitled “ The Interpretation of a Typical Seismogram.** This shows that 
the keenness of his mental faculties was unimpaired to the last. 

He was President of the Canterbury Philosophical Institute in 1887. 
From 1891 he was Secretary of the Seismological Committee of the Austral- 
asian Association for the Advancement of Science. For many years he was 
correspondent for Australasia of the American journal Science. He was a 
Fellow of the Geological Society pf London, and in 1919 was elected one of 
the original Fellows of the New Zealand Institute. 

He was a strong advocate of proportional representation, and in 
September, 1913, read a paper before the Wellington Philosophical Society 
on “ Preferential Voting in Single-member Constituencies, with Special ^ 
. Reference to the Counting of Votes.** When some time later the Cftirist- 
church City Council held an election under that system he went there to 
conduct the election for the authorities. 

During the war he wrote a valuable little paper, which was printed in 
November, 1916, on “ Night Marching by the Stars^** Two methods were 
given, one of which was recommended to members of the New Zealand 
Expeditionary Force, who were provided with copies of star-maps and brief 
directions how to use them. 

In 1917, when the question of the relation of scientific and industrial 
research to national efficiency was under serious consideration, a committee 
(the New Zealand Institute’s Scientific and Industrial Research Committee) 
was set up, and Mr. Hogben was appointed chairman by a unanimous vote. 
Hp was a joint author of a report oh ‘^The Organization of Scientific and 
Industrial Research,” published as a parliamentary paper. The report of 
the committee, which owed much to Mr. Hogben’s care and fairness tq 



all wwB, both piovinclal and departmental, was adopted by the BoapI 
of Govemon of the New Zealand In^itute, and, with slkht amendnient, : 
by the National Efficiency Board, and was forwarded to the Qovemin^nt: 

Of his beBt*known publications, the following might be mentioned'^ A 
French text-book, Methode mlureUe ; Fom-fywe Logarithm ; mi Noks w ; 
the TeaxMng of Mathematical Geography. Since his retirement he had been 
revising a Table of Logarithms, and this work is now in the press. 

Mr. Hogben was happy in his marriage with a daughter of the lath 
Mr. Edward Dobson, C.E., of Christchurch, who, with her two sons, suf- 
viyes him. Six sons were bom to them, two of whom died in ohilcffiobdl 
Of the four remaming, thr^ gave their services and two gave their lives to ' 
the Empire during the Great War ; and there is little doubt that their loss, 
borne without murmuring, contributed to his final illness. 

George Hogben was a man of wide reading and scholarship, a thorojogh 
and indefatigable worker. He was a trae and warm friend, and, through 
his fairness and broadmindedness, a benefactor to his fellow-men. 

G. M. Thomson. 
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NEW ZEALAND INSTITUTE. 

ROLL OF HONOUR 

; 

SHOWING MEMBERS OF THE INSTITUTE WHO WERE 
SERVICE DURING THE WAR. 

ON ACTIVE 

Name. 

Available Details of Service. 

■ , 1* 


Wellington Philosophical Society. 


E. H. Atkinson . . 

Lieutenant, Royal Naval Volunteer Reserve. 


C. M. Begg 

Colonel, N.Z. Medical Corps 

C.B., C.M.G. 

Val. Blake 

Lieutenant, Canterbury Infantry . . 

Died of sickness. 
Killed in action. 

F. K. Broadgatc . . 

Lieutenant, N.Z. Engineers 

Killed in actioa 

P. W. Burbidge .. 

Sergeant, 34th Specialists. 


W. H. Carter 

Canterbury Infantry. 


L. J. Comrie 

Sergeant-Major, 36th Reinforcements. 


V. C. Davies 

Regimental Sergeant-Major, Ist N.Z. Rifle 


W. Earnshaw 

Brigade 

Engineer Lieut. -Commander, R.N. 


C. J. Freeman 

N.Z. Rifle Brigade. 


C. Freyberg 

Lieutenant, West York (Prince of Wales’s Own) 


J. G. B. Fulton . . 

Regiment. 

Corporal, 10th Reinforcements. 


H. E. Girdles tone . . 

Company Sergeant-Major, Wellington Infantry 

Killed in action. 

H. Hamilton 

Sub-Lieutenant, Royal Naval Volunteer Reserve 


C. G. Johnston . . 

Lieutenant, Ist N.Z. Rifle Brigade . . 

Killed in aotion* 

G. W. King 

Lieutenant, N.Z. Tunnelling Company. 


E. Marsden 

Major (temp.), N.Z. Engineers 

M.C. ; mentioned 



in despatches. 

D. McKenzie 

Trooper, Wellington Mounted Rifles. 

H. M. Millar 

Sergeant, N.Z. Engineers’ Divisional Signalling 


W. L. Moore 

Company. 

Captain, N.Z. Field Artillery 

Mentioned in de- 

T. D. M. Stout 

Lieut. -Colonel, N.Z. Medical Corps . . . . 

spatches. 

D.S.O. 

R. M. Sunley 

Corporal, Specialists. 


W. M. Thomson . . 

Captain, N.Z. Medical Corps. I 


H. S. Tily 

Sergeant, N.Z. Field Artillery. 


H. Vickerman 

Major, commanding N.Z. Tunnelling Company 

D.S.O., O.B.E.; 

C. J. Westland 

Corporal, N.Z. Machine Gun Corps. 

mentioned in 
despatches. 

F. L. Armitage . . 

Auckland Institute. 

Captain, N.Z. Medical Corpsl I 


S. B. Bowyer 

R. Briilault 

Gunner, N.Z. Field Artillery. 1 


Captain, N.Z. Medical Corps. 


P, H, Buck (Te 

Major, N.Z. Medical Corps 

D.s.a 

Rangihiroa) 

S. Cory -Wright . . 

Captain, N.Z, Engineers, Divisional Intelligence 
Officer 

1st Battalion, Otago Regiment. ’ 

M.C. 

W. J. Crompton . . 


F. N. R. Downard 

Lieutenant, N.Z. Rifle Brigade. 


G. Fenwiek 

Captain, N.Z, Medical Corps. ' 
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R. H. Gunson 

G, H, Hansard 

D. Holdemess 
R. T. Inglis 
0. W. Leys 
K, Mackenzie ' 

H. A. E. Milnes 
W. R. B. Oliver 
G< Owen 

A. C. Purchas 

E. Robertson 
C. B. Rossiter 
T. C. Savage 
Rev. D. Scott 

H. L. Wade 

F. Whittome 


H. Acland 
•G. E. Archey 
J. W. Bird 
F. J. Borrie 
F. M. Corkill 
William Deans 
A. A. Dorrien-Smith 
A. Fairbaim 
H. D. Ferrar 
C. E. Foweraker . . 

F. G. Gibson 
J. Guthrie 

/W. Irving 
' L. S. Jennings 
H. L^ng 

E. Kidson 

G. MacTndoe 
P. S. Nelson 

F. S. Oliver 

H. V. Rowe 

Sir R. H. Rhodes 
A. Taylor 

G. T. "Weston 
F. S. Wilding 

J. P. Whetter . 

A. M. Wright 


Auckland Institute — continued. 

Lieutenant, Motor Boat Reserve. 

Sergeant-Major, 33rd Machine Gun Cories. 

Lieutenant, N.Z. Engineers. : 

Caj^tain, N.Z. Medical Corps. 

Lieutenant, Royal Naval Volunteer Reserve. 

Captain, N.Z. Medical Corps. 

Lieutenant, Auckland Infantry Regiment . . ; Killed in action. 
Corporal, Canterbury Infantry. i 

Lieutenant, N.Z. Rifle Brigade and N.Z. Engi- 
neers. 

Major, N.Z. Medical Corps. 

Captain, N.Z. Medical Corps. 

Captain, N.Z. Medical Corps. 

Captain, N.Z. Medical Corps . . . . Died of sickness. 

Chaplains Department, N.Z. Expeditionary i 
Force. i 

Captain, Auckland Mounted Rifles. 

Corporal, N.Z. Rifle Brigade. 


Philosofhical Institute of Canterbury. 

Colonel, N.Z. Medical Corps. 

C'aptain, N.Z. Field Artillery. 

Sergeant-Major, Instructional Staff. 

Caj)tain, N.Z. Medical Corps. 

Captain. 

Captain, Canterbury Mounted Rifles. 

Major. 

Captain. 

Trooper, N.Z. Mounted Rifles. 

Corporal, N.Z. Medical Corps. 

Captain, N.Z, Medical Corps. 

Captain, N.Z. Medical Corps. 

Captain, N.Z. Medical Corps. 

Captain, Otago Regiment . . 

2nd Lieutenant, N.Z. Rifle Brigade 
Captain, Royal Engineers. 

Signaller, Otago Infantry Brigade . . 

Private, Canterbury Regiment 
vSergeant, Headquarters Instructional Staff. 
Sergeant-Major, Headquarters Instructional 
Staff. 

Colonel, Red Cross Commissioner. 

Captain, N.Z. Veterinary Corps. 

Lieutenant, Canterbury Regiment. 

Captain, N.Z. Field Artillery. 

Captain, N.Z. Medical Corps. 

Captain, N.Z. Medical Corps. 


Killed in action. 
Killed in action. 

Killed in action. 
Killed in action. 


S. C. Allen 
R. Buddie 

X. E, Barnett 
, F. C. Batchelor 
Rev. D. Dutton 
A. Mackie 
E. J. O’Neill 


Otago Institute. 

Captain, N.Z. Medical Corps. 

Surgeon, H.M. Ships “ Crescent,” “ Cumber- 
land,” and ” Warwick ” 

Lieut. -Colonel, N.Z. Medical Corps . . 

Lieut. -Colonel, N.Z. Medical Corps. 

Chaplain, N.Z. Expeditionary Force. 

Sergeant, N.Z.,Exj>editionary Force 
Lieut. -Colonel, N.Z. Medical Corps . . 


Mentioned in de- 
spatches. 
C.M.G. 


M.M. 

O.M.G., D.S.O. 
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Otago Institute— confinwed. 


T. R. Overton 

Lieutenant,* N.Z. Pioneers. ^ 

1 

H. P. Pickerili 

lieut. -Colonel, N.Z. Medical Corps . . 

O.B.E. 

R. Price 

Major, Otago Infantry 

Killed in action. 

E. Fi Roberts 

Captain, Royal Engineers. 


S. 0. Sandle 

Major, N.Z. Expeditionary Force. 


F. H. Statham 

Major, Otago Infantry : . 

Killed in action* 

W. D, Stewart 

Lieutenant, Otago Infantiy'. 


W. A. Thomson 

N.Z. Machine Gun Corps. 


R. N. Vanes 

Lieutenant, N.Z. Expeditionary Force. 


D. B. Waters 

(.'aptain, N.Z. Tunnelling Corps. 


H.r.H.Wh»tiombel 

Gunner, N.Z. Field Artillery. 



Manawatu Philosophical Society. 


E. C. Barnett 

Captain, N.Z. Medical Corps. 


D. H. B. Bett . . 

Captain, N.Z. Medical Corps. 


A. A. Martin 

Major, N.Z. Medical Cor]3s 

Killed in action. 

J. Murray 

Lieut/enant, Auckland Infahtr 5 ^ 


H. D. Skinner 

Private, Otago Infantry . . 

! D.C.M. 

W. R. Stowe . . 1 

Major, N.Z. Medical Corps. 



Hawke’s Bay Philosophical Institute. 


H. F. Bernau 

Captain, N.Z. Medical Corps. 


J. P. D. Leahy 

Major, N.Z. Medical Corps. 


E. F. Northcroft 

Corporal, 4l8t Reinforcements. 


E. G. Wheeler 

Corporal, Wellington Regiment, 


G. T, Williams 

Wellington Mounted Rifles 

Died of sickness. 


Nelson Institute. 


F. A. Bett . . 1 

Captain, N.Z. Medical Corps. 


Note,— T he roll 

[ is as complete as it has been found possible to make it. The 

Editor would be glad to be notified of any omissions or necessary amendments. 




PEESIDBNTIAL ADDEESS. 


The following is the presidential address delivered at the annual meetii^ 
of the Board of Governors of the New Zealand Institute, at Wellington, (m 
the 30th January, 1920, by Dr. L. Cocka 3 ^e, F.R.S. : — . ' 

Gentlemen of the Board of Governors of the New Zealand 
Institute, — ^First of all it is my sorrowful duty to record the great loss 
which the New Zealand Institute has experienced since our annual meeting 
last year through the death of two of our foremost members — Major T. ' 
Broun and Mr. T. W. Adams. A full account of Major Broun’s scientific 
activity will appear in the next volume of our Transactions ; here I need 
only express my admiration of our accomplished member’s services to 
science — services, indeed, that have laid an enduring foundation in a 
domain of New Zealand zoology virtually unexplored prior to his investi- ^ 
gations. Regarding my esteemed friend Mr. T. W. Adams, I have already 
recorded in the last volume of our Transactions my high appreciation of 
his pioneer researches in New Zealand forestry and their extraordinary 
economic value. The influence of such men must be felt for many 
years ; their place in our scientific circle will be hard to fill. 

But if the past year has brought its sorrows, as must all years, joy has 
also come in the safe return after the hardships and perils of war of most 
of our members who so willingly set forth to serve their King and country. 
To those who fell, and whose laurels won on the field of battle are entwin^ 
with those gained in the peaceful path of science, has gone forth long ere 
this both our deepest grief and most fervent admiration. You will see 
from the report of the Standing Committee that the Roll of Honour is now 
completed, and will be printed in this volume of the Transactions. 

The scientific year just concluded will, I feel convinced, be looked upon, 
in time to come, as the most important for the New Zealand Institute since 
its reconstruction in 1903 — or, indeed, perhaps since its foundation. This 
will be for the reason that two important advances have been made— 
the holding of a Science Congress and the founding of the Fellowship. So 
successful was this Congress, notwithstanding the many tmforeseen diffi- 
pulties which stood in the way, that it was proposed to make it a biennial 
function. There is no need for me to give any details regarding the 
proceedings, since such have appeared in twp special numbers of thb 
Journal o/ Science and Technology, where also some of the papers read at 
the Congress are printed. It has been decided to hold a second Congress 
at "the beginning of next year in. Palmerston North. The idea of the 
Congress was not new, since such meetings were provided for in the New 
Zealand Institute Act of 1903, but for its suceessful inauguration full 
credit must be given to that very active body, the Philosophical Institute 
of Canterbury. Without doubt these gattierings will do a great deal tD 
bring the Institute into touch with th^ non-scientific public, and in this 
lies no inconsiderable part of their value. 
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Regarding the papers read at the Congress, a considerable portion were 
9 Uoh as in the ordinary course of events would have come before the 
affiliated branches. This, it may be hoped, will be remedied in the future, 
and that the papers submitted will be more on the lines of those of the 
British Association. Nor need a comparison on the basis of population 
make this appear a vain statement, for New Zealand possesses far more 
problems purely her own to be solved than does Great Britain ; indeed, 
for many years to come, abundant material for researches, novel in 
character, will be at the disposal of our scientific men. A great agricul- 
tural centre, such as Palmerston North, is a fitting place indeed for the 
second Congress. At the Christchurch Congress agriculture was a great 
f capture, thanks in part Ho the strong support of the Department of 
Agriculture, and in part to a gathering of the agricultural instructors .of 
the Dominion being held at the same time. No time should be lost in 
making preparations for the event, so this question will come before you 
to-day. 

The matter of the Fellowship of the New Zealand Institute demands 
more than a passing word. First, it must be pointed out that the election 
of the Original Fellows took place in October last, the election being 
made by a special committee — consisting of the Hon. 6. M. Thomson, 
Professors Chilton and Easterfield, and myself (the convener) — ^which was 
appointed at your annual meeting last year “ with power to act, to 
determine the method of election of the remaining Original Fellows, and 
to carry out the election.’’ As I was likely to be away from Wellington 
at the time of the election, I delegated my powers to Professor Easter- 
field, and obtained Mr. Ewen’s assent to his acting as returning officer. 
To both these gentlemen I must record my grateful thanks. As soon as 
the election was concluded Mr. Ewen sent me the names of those elected, 
and I, as President of the Institute, informed by wire each successful 
candidate of his election. I also wrote to the Secretary of each of the 
affiliated societies giving the result of the election. Later, the names of 
all the Original Fellows were published in the Government Gazette. There 
are now twenty Fellows of the New Zealand Institute, who represent 
nearly every branch of science pursued in the Dominion. As to the merits 
of the election it is not for me to express an opinion, but I may be permitted 
to say that as an ex Fellow 1 feel it a great honour to be in such 

distinguished company. 

Although the election was carried out in a certain manner agreed upon 
by the special committee, that is no precedent for future elections — ^the 
occasion was unique. It is for this meeting to decide in what manner 
the voting, &c., for candidates is- to take place in future elections, both 
by the Fellows, in the first instance, who select eight candidates from 
the nominees of the affiliated societies, and, in the next place, by the 
Governors, who are to select the four Fellows from the eight selected' 
candidates. Regarding these eight, and bearing in mind the number 
of persons qualified for the Fellowship at the present time, it may be 
confidently expected that each of, them will be amply qualified for the 
distinction, and that as years go on the status for such qualification 
will rise. 

And now a few words as to the history of the movement which led 
to the establishment of the Fellowship. The first suggestion of a class 
of members other than the ordinary members, whose admission to the 
societies is a matter of form, was put forward by Mr. G. V. Hudson a 
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considerable number of years ago, but no exceptional qualifications were 
to be demanded. Nothing* more was said on the subject until the year ! 
1910, when I talked over the matter with many of my scientific friendsi 
all of whom agreed that the suggested Fellowship should be difficult df 
attainment and so be a very high distinction indeed. My reasons fo? the 
establishment of such an honour were — (1) that in other countries the 
universities conferred honorary degrees on scientific workers, whereas the 
University of New 2fealand did not confer such, under the mistaken notion 
that they would detract from the value of the ordinary degrees ; (2) that 
there were certain men in New Zealand whose years of unremitting labour 
in science would apparently never receive recognition ; (3) that the 

establishinent of a Fellowship worthy of being won would lead to that 
competition which is a law of nature and brings out the best in every 
sphere of life; (4) that more research would be undertaken and .the 
number of those carrpng out research increase, to the benefit of science. 
Agaicist the proposal there was urged by some that there were the Hutton 
and the Hector Medals, as also certain Empire distinctions available forv 
our best men. On the other hand, the above medals are limited in their 
application — some sciences do not receive recognition ; while, as to Empire 
distinctions, so few come to New Zealand that they are almost negligible. 
All agreed that, in order to make the Fellowship sufficiently difficult to 
acquire, the number of Fellows must be limited to comparatively few. 
The proposition was not taken up, and no more was said on the matter 
until Dr. J. Allan Thomson brought out in January, 1917, an ambitious 
scheme for reform of the Institute, pontaining, inter alia, a proposal for 
the creation of Fellows. Dr. Thomson’s proposals were referred to the 
affiliated societies to consider, and at the succeeding meeting in January, 
1918, their replies having been received, a committee consisting of 
Mr. G. Hogben, Dr. Thomson, and myself was set up to draw up a Fellow- 
ship scheme and refer it to the incorporated societies. We accordingly 
considered the matter carefully, drew up a scheme,, referred it to the 
societies, made certain changes in our draft in conformity with their 
suggestions, and brought our amended scheme before the Board of 
Governors in January, 1919. Each clause was carefully discussed by the 
Board; and, with a few alterations and additions, the scheme which we 
submitted was adopted. The only point of importance which was rejected 
was the proposal that a certain number of Fellows should be elected 
“ for eminent service to the nation in any capacity,’^ but such Fellows 
were not to “exceed one-tenth of the total number of Fellows.** After 
considerable discussion, this proposal was rejected ; but, as the regulations 
stand, the Fellowship can be given for research or distinction in science — 
'^.e., it is possible for Fellows to be elected who have done no research 
whatever. This gives a wide-enough door, so it is unlikely that any one 
really deserving the honour will be left in the cold. 

As for research, it must be clearly understood by the affiliated societies 
and electors that this does not refer merely to research accomplished in 
New Zealand. All research carried on outside New Zealand, even if 
published long before the candidate was a member of the Institute, ipust 
count as the present regulations stand. 

Before leaving this question of the Fellowship, it cannot be too widely 
known both by scientific men and the general public that the letters 
“ F.N.Z.Inst.** attached to a person’s name is no empty title, but that it 
•means far more than does the degree of Doctor of Science of any University, • 
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for it is a guarantee that the holder is a scientist of exceptional merit, who 
has prosecuted research of a high class, and usually for a long period. 
This degree, if I may so call it, should rank in professional circles, and in 
the Civil Service, equally with the highest University distinctions, which, 
as I have already explained, it far outstrips. As time goes on it will be 
as difficult to obtain as the Fellowships or Memberships, as the case may 
be, of British, European, or American academies. 

A matter which comes up yearly for your consideration is the question 
of finance. Thanks to the enlightened policy of the Hon. 6. W. Russell 
with regard to science, for some years past we have received a special grant 
for research — but more of this later — and at the last meeting of this Board 
hd promised us £600 for our ordinary expenditure at once, and that ha 
would make provision for yearly adding a similar sum to our scanty income. 
When the Hon. Mr. Russell resigned, his successor, the Hon. J. B. Hine, 
^ arranged that the Institute should receive the additional £600 to its income, 
and was most sympathetic regarding this becoming a permanency. It will 
lie with this meeting to see what steps it is now necessary to take in order 
to increase our income permanently from £600 to £1,000 per annum, and 
it will be necessary also to act quickly. Even when we reach the latter 
scale we shall be by no mekns well of!. The publications and ordinary 
expenses will absorb, at a low estimate, £700 yearly. There is coming 
before you the question of appointing a paid official to assist the honorary 
officers of the Institute. In considering such an appointment it is clear 
thal^ our other financial responsibilities must be carefully borne in mind. 
There have been for some years certain important bulletins on the moss 
flora by Mr. H. N. Dixon awaiting publication, as also others by the late 
Major Broun, while others, again, too lengthy for the Transactions are also 
in sight. At the same time, the Hon. Secretary's work has increased greatly 
of late, but possibly an assistant at £100 would be sufficient for this branch 
of our work. 

A matter to come before the meeting is the election of some one for 
the important post of Editor. This comes about through the resignation 
of Dr. C. A. Cotton. No one can regret more than myself this resignation. 
During his long editorship Dr. Cotton has improved the annual volume to 
no small degree, given sound critical consideration to the papers, and, in 
short, has filled the difficult position most admirably. 

One of the phases of our activity concerns the research grant. It is this, 
in part, which has added to the burdens of the Hon. Secretary. It has 
also directly added to our financial burden. This has come about through 
our inability to use any of this grant for purposes of publication, which falls 
upon our slender income. Time and again has the Institute published the 
results of non-subsidized economic research, but in the case of that which 
is subsidized the subsidy cannot be used to pay for publication. Cases, too, 
have occurred where the economic aspect of the subsidized research has 
been nil, but some purely scientific side-issue has emerged and been pub- 
lished in our Transactions. In short, except for its stimulation of research, 
the grant is a dead loss to the Institute. But does this grant really stimu- 
late research ? I doubt it greatly ; indeed, I am not sure that it is not 
a hindrance. For the research must have — nominally, at any rate — an 
economic bent. Nor is this all, but the offer conditionally of money leads 
to research made to order ; whereas the subject of a research should not 
be sought, it should come unbidden, it should be an inspiration. Then 
there is drawn that vicious distinction — I can call it by no lighter word-^ 



between piire aiid^4ippUed ecie^^^ It is ‘^applied” science to add by 
methods of plantdapBeding one more variety to the hundreda of varieties 
of^turnipa which ase in horticulture or agriculture. It is “pure” science 
to seek by ex|>erii»ent with the vilest we^, it may be, for ixdoimiation yet 
unknown, which may advance maU^s knowledge of heredity^~ran advance 
which well might pave the way towards highly benefiting cvilisaticm as a 
whole. Yet our research grant in its present form would encourage tiie 
turnip-breeder but not the worker in experimental genetics. Nay, this 
last term, if added to the application for a grant, would at once damn the 
application, for the final word rests not with the Institute but with the 
Minister. No, if we are to have a research grant which would justify the 
spending of ppblic money, let it be given unconditionally. Surely a body 
such as the New Zealand Ihstitute is to be trusted ! 

Several outside matters have occurred during the past twelve monttis 
which are of interest to the New Zealand Institute. Not the least of 
these is the actual launching of the Cawthron Institute, in the first plaoe 
through the judgment of the Supreme Court approving, with a few trifling 
exceptions, the scheme drawn up for the Trustees of the estate by the 
Cawthron Commission ; and in the second place through the appointment 
of Professor Basterfield as the Director. I feel assured, gentlemen, that 
you will applaud the appointment of a colleague of such long standing, 
and will feel, as I do, that the success of the Cawthron Institute is assured. 
It is also satisfactory to learn that the Cawthron Institute has acquired 
an excellent temporary home in the City of Nelson, where its scientific 
operations can commence and where they can be carried on until a building 
worthy of the high aims of the founder be erected on the Annesbrook 
Estate. 

Several important scientific publications are either now ready for the 
press or have appeared. There is the Hon. G. M. Thomson’s work — ^the 
labour of many years — dealing with acclimatization in New Zealand : this 
is completed, and has been sent to England. Mr. T. F. Cheeseman has 
contributed an important paper on the vascular flora of Macquarie Island 
as one of the reports of the Marwson Antarctic Expedition, which contains* 
a philosophical essay on the origin of the isolated band of plants of that 
island — a worthy supplement to his scholarly essay in The Subantardio 
Islands of New Zealand, The first volume of the Manuals of the Board of 
Science and Art has just appeared, and other volumes are in contemplation 
by the Hon. G. M. Thomson, Dr. C. A. Cotton, and Mr. Elsdon Best. Such 
a series dealing with New Zealand natural history has long been wanted. 

Returning to our own affairs, an index of our Transactions from 
volume 40 onwards is urgently needed. If the hoped-for additional 
income is assured, this should be taken in hand without delay. Then 
there is the perennial question of the library ; but little can de done under 
the present circumstances. The method of printing your President’s 
address each year may seem a small matter, but it is hardly upholding the 
dignity of the Institute to tuck it away in small print in the Proceedings; 
still less should that position be accorded the more weighty addresses 
delivered at the Science Congress. Surely these presidential addresses 
should commence the annual volume. 

Turning now to the widest matter of all which confronts us as a scientific 
body with scientific obligations, that matter beyond all others which con- 
cerns our country in common with all parts of the Empire — ^the period of 
reconstruction now commencing. Soon after war brol^ out, even in the 
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hour of victory, and not least at the present time, one hears preached on 
all sides by thos^ in every grade of society the crying need for more science, 
for more and more research. This word “ science ’’ is, and has been, in 
the mouths of the people as never before. But if one converses with the 
non-scientific it quickly comes to light that the research they desire is not 
at all the research of the scientific man — ^that long painful groping for the 
truth which he knows but too well. To them the man of science — neglected 
for so long, if not despised — is now a wizard who with but a touch of his 
magic rod (science, the omnipotent, ever at his beck and call) can, in the 
twinJding of an feye, solve any problem that is put before him. “ Ask and 
thou shalt receive ” might be the motto. On every side are the triumphs 
of science ; but how few indeed are aware that all date back for long years, 
the crowning glories of research after research — ^many of such researches 
apparently most useless, most trivial. Is the public prepared to find the 
wherewithal to pay for such “ trivialities,*'- or is the scientific man only 
to be called in at the last moment to find some economic application of 
his previously unpaid labours ? What is the duty of the New 25ealand 
Institute ? Is it not to get into closer touch ^ with the people, to teach 
them the true meaning of science ? The scientific man in the past has 
been too unbending, too little concerned with those not his coUeagues. 
Science can surely be popularized without loss of dignity. Prosperity, 
successful reconstruction, these depend in no minor degi^ee on the intimate 
acquaintance of the men of science and their non-scientific brethren. 
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Art. I. — Some New Zealand Amfhi'poda : No, 1, 

By Charles Chilton, M.A., D.Sc., LL.D., C.M.Z.S., Hon. Member Boy. Soc. 

N.S.W., F.N.Z.Inst. ; Professor of Biology, Canterbury College, N.Z. 

[Read before the Philosophical InsiitiUe of Canterbury, 1st October, 1919 ; receii>ed by 
Editor, Slat December, 1919 ; issued separately, 4th June, 1920. ^ 

During recent years many additional facts have become known with 
regard to the Arnphipoda of New Zealand through the investigation 
of collections from the various Antarctic and other expeditions. As 
circumstances are not at present favourable for the publication of a 
comprehensive review of the group, it is proposed to issue, under the 
title given above, a series of notes briefly detailing some of the new facts, 
and giving references to sources where additional information can be 
obtained. It will be seen that frequent use has been made of the MS. 
notes and drawings and of the specimens placed in my hands by the 
Hon. G. M. Thomson ; in several cases those are most useful for elucidating 
points in connection with some of the earlier records of Arnphipoda from 
New Zealand. 

The names of authors followed by a date in parentheses refer to the 
list on pag(‘ 8. 

Leptamphopus novae-zealandiae (G. M. Thomson). Figs. 1 to 5. 

Pherusa novae-zealandiae G. M. Thomson, 1879, p. 239, pi. 10 C, 
figs. 2, 2a-c. Pherusa imy-zelcnica G. M. Thomson and Chilto^, 
1886, ]). 148. Panoploea dehilis G. M. Thomson, 1880, p. 3, pi. 1, 
fig. 3 ; G. M. Thomson and Chilton, 1886, p. 150. Acanthozone 
longimana. (part) Della Valle, 1893, pp. 604, 620. Oradarea 
longimana Walker, 1903, p. 56, pi. 10, figs. 77-89 ; Stebbing, 
1906, p. 727; Chevreux, 1906, p. 54; Walker, 1907, p. 32. 
Leptamphopus novae-zealandiae Stebbing, 1906, p. 294 ; Chilton, 
1909, p. 621 ; Chilton, 1912, p. 488 ; Chevreux, 1913, p. 143. 

There has been considerable confusion in connection with this species, 
and it seems desirable to support the synonymy given above by the 
following historical account. 

In 1879 Mr. G. M. Thomson published his first paper dealing with 
New Zealand Crustacea. In it he described several new species, including 
Pherusa novae-zealandiae from Dunedin, of which he gave a brief descrip- 
tion and figures of the whole animal, of the gnathopoda, and of the telson 
(1879, p. 239, pi. 10 C, fig. 2). 

The only work of reference on the Arnphipoda available to Mr. Thomson 
at that time was Spence Bate’s Catalogue of the Arnphipoda in the British 
Museum. The amount of dissection and minute examination that is 
necessary to distinguish between allied species was not then realized, and 
1 — Trans. 
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it/will be seen from what is recorded below that Mr. Thomson’s description 
was a composite one based on specimens belonging to more than one species. 

In the next year Mr, Thomson described and figured another new 
species under the name Panoploea dehilis, also from Dunedin Harbour, 
the genus Panoploea being new and including P. dehilis and P. spinosa, 
another new species described at the same time (1880, p. 3). 

In 1882 I had identified specimens collected at Lyttelton Harbour as 
Panoploea dehilis G. M. Thomson, and later on was able to compare them 
with specimens from Dunedin named by Mr. Thomson and to ascertain 
that they were identical w^ith his 'species. This species proved to be 
moderately common in New Zealand seas, and was long known to New 
Zealand workers under the name Panoploea dehilis G. M. Thomson. 

In 1893 Della Valle placed the species in the genus Acanthozone as a 
doubtful synonym of Acanthozone longimatia (Boeck), a species which is 
now placed under the genus Leptamphopns, and remarked ^ that Pherusa 
novae-zealandiae G. M. Thomson seemed to coincide with Panopldea dehilis 
G. M. Thomson. 

In his account of the Amphipoda Gammaridea in Das Tierreich, 
Stebbing (1906, p. 294) includes both Pherusa novae-zealandiae and 
Panoploea dehilis under the name Leptamphopus novae-zealandiae (G. M. 
Thomson), but without making any reference to the differences in the 
descriptions (^i the two species as given by Thomson. In 1903, before 
Stebbing’s Das Tierreich Amphipoda was published, Mr. A. O. Walker, 
in his account of the “ Southern Cross ” Antarctic Expedition, had 
, described and figured a new genus and species, Oradarea longimana (1903, 
p. 56), and in the appendix of Das Tierreich Amphipoda Stebbing quotes 
this species and says of it strangely like Leptamphopus novae-zeoiandiae ’’ 
(1906, p. 727). 

" In 1906 Ch^vreiix recorded Oradarea longimana Walker from Flanders 
Bay and other localities in Graham Land visited by the French Antarctic 
Expedition, 1903-5 (1906, p. 54). 

In his account of the Amphipoda of the National Antarctic 'Expedition, 
Walker in 1907 records Oradarea longimana from Coulman Island and other 
localities visited by the expedition, and in a footnote referring to Stebbing’s 
remarks points out that his species differs from Thomson’s description of 
Pherusa novae-zealandiae “in having only the first two pleon segments 
dorsally produced into one tooth, instead of the two yjosterior segments 
of the mesosome and two anterior of the pleon produced into two teeth : 
also in the upper antennae having an appendage ” (1907, p. 32). 

In 1909, in the account of the Crustacea in the Suhantarctic Islands of 
New Zealand, I followed Stebbing in considering Panoploea dehilis to 
be the same as Pherusa novae-zealandiae, and recorded the species under 
the name Leptamphopus novae-zealandiae (G. M. Xboinson), from Carnley 
Harbour, in Lord Auckland Islands, and after comparing it with Walker’s 
description came to the conclusion that Oradarea longimana Walker was 
identical with Leptamphopus novae-zealandiae (G. M. Thomson), as Stebbing 
jhad suggested, the differences pointed out by Walker being apparently due 
to individual variation or to errors in the descriptions (1909, p. 621). In 
his account of the Amphipoda of the second French Antarctic Expedition, 
1908-10, Chevreux adopted this view, referred specimens from Petermann 
Island to Leptamphopus novae-zealandios (G. M. Thomson), and gave a 
lew further particulars of the species. This species was collected by* the 
Scottish National Antarctic Expedition at South Orkneys, and was recorded 
hy medn the account of the Amphipoda of the expedition under the name 
^ JLepamphopm novae-zealandiae (G. M, Thomson) (1912, p. 486). 
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Though I have all along been convinced that Stebbing was right in 
combining Panoploea debihs 6. M, Thomson with Pheruaa novm-zeaSmdiae 
G. M. Thomson, it has been a little difficult to understand the differences 
in the descriptions oi these species, and how it was that Mr. Thomson Game 
to describe the same form as two different species in two successive yearn. 

In January, 1914, in the collections of the Dunedin Museum, I found 
a bottle labelled “ Phenisa novae-zecdanduie G. M. Thomson, Dunedin ; 
Type,'* in the handwriting of the late Captain Hutton, who was Curator 
of the Museum at the time when the species was first described, and 
through the kindness of Professor Benham I have been able to make an 
examination of its contents. The bottle contained altogether ten speci- 
mens, all more or loss imperfect ; seven of them are without doubt the 
species common in New Zealand and long known under the name PanoplOea 
Chilis G. M. Thomson. All of these specimens have lost their antennae 
except the peduncles, but the character of the gnathopoda, of the pro- 
jection of some of the segments into dorsal teeth, and of the uropoda 
and telson, leaves no doubt as to the identity of the species. Of the 
other three specimens, two, one of them imperfect, are small examples 
of Paradexamine pacifica (G. M. Thomson), which have apparently been 
included* by accident, and are of no importance in the present discussion. 
The remaining specimen, which is the largest of' the lot, and of which the 
head and anterior part of the peraeon are missing, is a specimen of a 
different species altogether, Panoploea spinosa G. M. Thomson, which is 
no longer considered congeneric with Panoploea dehilis and is placed by 
Stebbing in a different family. 

It seems evident that these specimens had been grouped together 
owing to the fact that in all of them some of the segments are produced 
posteriorly into dorsal teeth and that a portion of the original description 
of Pheruso novae-zealandiae had been based on the specimen of Panoploea 
spinosa : e.q., the statement that “ two posterior segments of the pereion 
and two anterior segments of the pleon produced dorsally into two teeth,*’ 
and “ three last pairs of ])ereiopoda much longer than the preceding ; their 
coxae with comb-like teeth on their posterior margins ** ; also, “ third seg- 
ment of pleon with th(^ sides produced posteriorly, and ending abruptly in a 
serrated margin.** The characters thus quoted agree well with this specimen 
of Panoploea spinosa, and some of them are indicated in the figure given 
by Thomson in describing Pherusa novos-zealandiae. These points do not 
show clearly in the very small figures accompanying Mr. Thomson’s 
published paper, for “ instead of lithogi-aphing the plates, the draughtsman 
traced them on to a large sheet, from whence they were photo-lithographed 
(see Stebbing, 1888, p. 500), and in the process they were so much reduced 
that many of the points shown clearly in the original drawings cannot be 
made out. Mr. Thomson has, however, given me the tracings of the 
originals, and in the tracing of the figure of the whole animal of Pherusa 
novae-zealandiae it is evident that the dorsal teeth, the basal joints of 
the posterior peraeopoda, and the hind-margin of the third }»leon segment 
have been drawn from the specirnen of Panoploea spinosa^ and not from 
the genuine Pherusa novac-zealandiae. The other characters have been 
based on the specimens really belonging to Pherusa novae-zealandiae, and 
the description is therefore composite, being based on more than one 
specimen, as is shown by the statement that the posterior margin of the 
third segment of the pleon “ is almost smooth in young specimens,*’ tho 
“ young specimens ” being the genuine Pherusa novae-zealandiae, and quite 
different from the Panoploea spinosa which was confused with them. 

1 * 
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It is therefore evident thht Panoploea dehilis (G. M. Thonason) is indeed 
the same as Pherusa novae-zealandiae G. Thomson, but was thought 
to be different owing to the errors in the original description ar^ figures ; 
and that the differences pointed out by Walker between his Oradarea 
longimana and the description of Pherusa novae-zealavdiae are due to the 
fact tliat the original description was based on the examination and 
confusion of two different species. 

The history of this species has perhaps been detailed^at tedious length, 
but it is interesting as another example of the necessity of examining 
type specimens, whenever they are available, in order to settle disputed 
points, instead of trusting too greatly to published descriptions and figures 
and relying too much upon their accuracy. 

The exact generic position of this species is a little doubtful, owing to 
the fact that in the group to which it belongs there are so ^ many genera 
much alike and distinguished by characters which are perhaps not all of 
generic impoi*tance. It will be seen that the species was first placed 
under Pherusa, then under Panoploea, next under Acanthozone, then under 
Oradarea (a genus specially created for it), and finally under Leptamphopus. 
In Das Tierreich Amphipoda there is only one other species, L. longimana 
(Boeck), placed in t^his genus, and that was originally described by Boeck 
under the genus Amphithopsis. 

If we compare the species under consideration with the generic 
characters of Leptamphopus as given by Stebbing (1906, p. 293) it is 
found to agree in most points. The first point mentioned, however, 
Body not acutely dentate,” requires some modification, for in this 
species the last segment of the peraeon and the first two of the pleon 
are dentate ; again, in the generic characters it is stated that there is 
no accessory flagellum, though Walker describes and figures one in the 
specimens of this species obtained from Cape Adare, and Kis observation 
is confirmed by Chevreux, and there is certainly a minute accessory 
flagellum in a specimen in my collection collected at the South Orkneys 
by the “ Scotia ” Expedition. On the other hand, there is none in the 
New Zealand specimens nor in the northern species L, longimanus (Boeck). 
In the mouth parts there is nothing that appears to me specially charac- 
teristic of the genus, which seems best recognized by the long slender 
gnathopoda and the entire telson. Most of the characters of Leptamphopus 
are the same as those of Djerhoa Chevreux, but in that genus the telson 
is deeply cleft. ‘ * » 

The following brief description will be sufficient to distinguish L. novae- 
zealandiae from the northern species, Z. longimanus 

Back rounded, peraeon seginent 7 and pleon segments 1 and 2 each 
produced posteriorly into a dorsal tooth. Antennae subequal, slender, 
about as long as body. Antenna 1 with second joint of peduncle produced 
on each side into a short subacute lobe, a minute accessory appendage 
present in Antarctic specimens but not in those from New Zealand. 
Gnathopod 1 with carpus and propod subequal, narrow -oblong, palm short, 
oblique. Gnathopod 2 much longer and more slender, carpus and propod 
elongate, linear, with small tufts of setae on their posterior margins, propod 
longer than the carpus, palm short, oblique. Uropods 1 and 2 with outer 
branch much shorter than the inner; uropod 3 with basal joint acutely 
produced on inner side, outer branch not much shorter than inner, both 
lanceolate, slightly flattened and broader than in uropods 1 and 2, inner 
branch with an elevation or ridge on its upper surface near the inner 
margin. Telson tapering slightly, extremity, broadly rounded or truncate, 
sometimes a little irregular, and with one or two minute setae. , 
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Length of New Zealand specimens, about 9 mm , ; Antarctic specimens, 
up to 12 mm. or more. 

Colour greyish oriight-brown, made up of dark dots or stellate markings. 
Distribution : New Zealand (Dunedin Harbour, Lyttelton, Akaroa, &c.) ; 
Cape Adare ; . Coulman Island ; McMurdo Strait ; Petermann Inland ; 
Flanders Bay ; Port Charcot ; Orkney Islands : probably circumaustral. 
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Fig. 1. — First gnathopod. Fig. 3. — First uropod. 

Fig. 2. — Second gnathopod. Fig. 4. — Second uropod. 

Fig. 6. — ^Third uropod and telson, showing ridge on inner 
branch of the third uropod. 

This species very closely resembles P. longimanus (Boeck), a species found 
in the Arctic and North Atlantic Oceans, the chief difEerenCe being that 
in P. longimana no segment of the body is produced into teeth. 

The Antarctic specimens appear to differ constantly from those occur- 
ring in New Zealand in the presence of a minute accessory appendage on the 
upper antenna. Both Walker and Chrevreux remark on the variation in 
tihe dorsal teeth of the body-segments in Antarctic specimens of different 
sizes ; all the mature New 2fealand specimens seem to agree in having the 
last peraeon and first two pleon segments produced into teeth. 
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Aa I have previously suggested (1909, p. 621), the small side lob^ at the 
eud of the second basal joint of the upper antenna, which wer^ first noticed 
i>y Walker, appear to be for the support of the rest of the antenna, allowing 
it to move freely in a vertical plane but not from side to side. In a 
similar way there is a slight hollow or .depression on the upper surface 
of the inner branch of uropod 3 formed on the outer side of the ridge 
mentioned above, and into this the outer branch fits closely when it is 
not in use (see fig. 5). Analogous structures will probably be found in other 
Amphipoda of similar habits. 

Ampelisca eschrichtii (Kroyer). 

Ampelisca eschrichtii Chilton, 1917, p. 75. 

In the Index Faunae Zealandiae two species of Ampelisca are put 
down as found in New Zealand, A. chiltoni and A. acinaces, both described 
by Stebbing in the report on the “ Challenger ” Amphipoda. In the' paper 
quoted above I attempt to show that these are only forms of the species 
long known in Arctic seas as A. eschrichtii Kroyer, and that A, imtcrocephal>a 
Liljeborg should also be considered as belonging to this species. The 
species is widely distributed both in Arctic and in Antarctic seas, where 
It may attain a length of 34 mm. In intermediate seas it is represented 
by forms of smaller size, in which the distinctive characters of the species 
are less evident. 

Urothoides lachneessa (Stebbing). 

Urothoe lachneessa Stebbing, 1888, p. 825, pi. 57. Urothoides loch- 
ne'essa Stebbing, 1906, p. 132. 

This species was described from specimens obtained from Kerguelen 
Island by the Challenger Expedition. I have a specimen, washed on to 
the shore of Stewart Island and sent to me by Mr. Walter Traill, that I 
feel confident belongs to the same species. The specimen had been dried 
and somewhat shrivelled, but by mounting it in dissected form sufficient 
of the appendages can be made out to render the identification pretty 
certain. The first and second gnathopods agree closely with Stebbing’s 
figure except that in the first the propod is narrower. The first, second, 
.and third peraeopods are also closely similar. The fourth and fifth cannot 
be distinctly made out, but appear to agree except in having fewer setae. 
One of the uropods also can be seen to agree with Stebbing’s figure. 

This appears to be the first specimen that has been seen since the 
original ones were taken by the “Challenger.” 

Paraph erqsa crassipes (Has well). 

Harmonia crassipes Haswell, 1879, p. 330, pi. 19, fig. 3. Parapherusa 
crassipes Stebbing, 1906, p. 383 ; Chilton, 1916, p. 199, pis. 8-10. 

This is a species widely distributed in Australia and New Zealand, and 
for some time there was an uncertainty as to its systematio position. It 
seems, however, rightly placed under the genus Parapherusa in the family 
Qammaridae, to which it was assigned by Stebbing. A full account of its 
• external structure and of the marked sexual differences is given in the last 
of the references quoted above. 

Eurystheus haswelli (G. M. Thomson). 

Maera haswelli G. M. Thomson, 1897, p. 449, pi. 10, figs. 6-10. 
Wyvillea haswelli Stebbing, 1899, p, 359, and 1906, p. 648. 

In I^. Thomson’s -collection are two im^rfect specimens labelled 
Maera haswelli G. M. T., Bay of Islands, S fathoms,” which are presum- 
ably co-types of his species. These are identical with specimens from 
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AkaSroa and Ljrttelton obtained years ago, and provisionally labelled as 4?; 
undescribed species of Eurysthe^s. Stebbing in 1899 placed the species 
under Wyvillm, a genus of doubtful validity, and retained it in the seme* 
position in 1906. The species is, however, quite evidently su EtM^keue, 
and comes near to E. derUifer (Haswell) ; the third side plate in the male 
is produced anteriorly below that of the second gnathopod in the same way 
as described' for Paranaenia typica Chilton (1884, p. 269), a species which 
Stebbing considers a synonym of Euryathem denlifer (Haswell). 

In addition to the Bay of Islands specimens I have others of E. haaweUi 
from Lyttelton ; Akaroa ; Longbeacb, near Otago Harbour ; Stewart 
Island ; Chatham Islands ; and also one from Port Jackson, New South 
Wales, sent to me in 19X8 by Professor W. A. Haswell. 

Eurystheus crassipes (Haswell). 

Maera crassipes Haswell, 1880, p. 103, pi. 7, fig. 2. Eurystheus 
crassipes Stebbing, 1906, p. 612. 

I have specimens from Wellington and Auckland Harbours that evi- 
dently belong to this species, which was described from Port Jackson and 
Jervis Bay in Australia by Haswell ; it is well characterized by the large 
size and breadth *of the fourth peraeopod, and has rightly been placed m 
Eurystheus by Stebbing. The species has not hitherto been recorded from 
New Zealand. 

Eurystheus chiltoni (G. M. Thomson). 

Maera chiltoni G. M. Thomson, 1897, p. 447, pi. 10, figs. 1-5. Eurys^ 
theus chiltoni Stebbing, 1906, p. 617. Eurystheus longicornis 
Walker, 1907, p. 35, pi. 12, fig. 21. 

This species was described by Mr. Thomson from specimens dredged 
in the Bay of Islands. I have a specimen from Mokohinou, found by 
Mr. C. R, Gow on seaweed at a depth of 25 fathoms. I think there is no 
doubt that E, longicornis (Walker) is the ^me species ; the descriptions 
agree generally, and the drawing given by Walker of the second gnathopod 
of the male agrees well with my specimen from Mokohinou and also with 
co-types of Mr. Thomson’s species which I have been able to examine. 
Walker’s specimens were collected at the winter quarters of the “ Discovery ' ’ 
in McMurdo Strait during the National Antarctic Expedition, 1901-4. 

Eur 3 rstheus dentatus (Chevreux). 

Gammaropsis dentata Chevreux, 1900, p. 93, pi. 12, fig. 1. Eurys- 
theus afer Chilton, 1912, p. 510, pi. ii, figs. 30-34. 

I have a few specimens of Eurystheus that I have had some difficulty 
in identifying. I find, however, in the better-developed specimens that the 
lower margin of the first side plate is distinctly dentate, as described and 
figured by Chevreux for the species named above, and the general agree- 
ment in other characters shows that they must be referred to that species. 
In the New ^atand specimens, both in the male and the female, the 
gnathopoda are more elongated and slender than those figured by Chev- 
reux, but in others from the Kermadec Islands which seem to be otherwise 
the same the gnathopoda are stouter and like those of Chevreux’ speci- 
mens. The New Zealand specimens are certainly the same as those from 
Gough Island collected by the “ Scotia ” Expedition that I referred with 
much hesitation to E, afer Stebbing in 1912, and in two the merus of one 
or more of the last three pairs of peraeopoda is expanded in the same way 
as it is in one of the Gough Island specimens, though not quite to the same 
extent, ' > 
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The terminal segments of the pleon are dentate as m E, tJumsom 
fetebbing, to which I was at first inclined to refer my specimens, and, indeed, 
the two species may possibly prove to be identical ; in the meantime, 
however, I have not been able to satisfy myself on this point. 

Chevreux’ specimens were from the Azores. It should be remembered 
that another, quite different, species from Alaska was described under the 
same name by Holmes in 1908 ; for this Stebbing has suggested the name 
alaskensis (1910, p. 613). 

The specimens that I refer to E, dentcUus ^Chevreux) are from Cook 
Strait ; off Cape Saunders ; Stewart Island ; and the Kermadec Islands. 
If I am correct in my identifications, it is also found at Gough Island 
and at the Azores. 

Paracorophium excavatum (G. M. Thomson). 

Coro'phium excavatum G. M. Thomson, 1884, p. 236, pi. 12, figs. 1-8. 
ParoLCoro'phium excavatum Stebbing, 1906, p. 664; Chilton, 1906, 
p. 704. 

This species was described by Mr. Thomson from specimens taken in 
Brighton Creek, near Dunedin. Since then it has been found in several 
localities around the New Zealand coast where the water is more or less 
brackish, and also in the fresh-water lake Eotoiti, in Auckland. In 1918 
some amphipods were sent me from brackish water in Brisbane River, 
Queensland, where they had been collected, along with the destructive 
wood-boring isopod SpJiaeroma terebrans Bate, by Dr.* T. Harvey Johnston, 
and these prove to belong to the same species. The males are distinguished 
from the females by a lobe on the end of the penultimate joint of the 
peduncle of the lower antenna, and by a differently shaped second 
gnathopod. The form originally figured by Thomson is an immature male. 
L have redescribed the species and given an account of the development of 
the sexual characters in a paper which will shortly be published in the 
Queensland Museum Memoirs, vpl. vii. 

The occurrence of the species in brackish waters in New Zealand and 
also in northern Australia is of considerable interest. 
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Art. II. — Contributions to a Fuller Knowledge of the Flora of tlfiw 

Zealand: No, 7, 

By T. F. Cheeseman, F.L.S., F.Z.S., F.N.Z.Infit., Curator of the 
Auckland Museum. 

{Read before the Auckland Institute^ 22nd DecemheTy 1919 ; received by Editor^ 3lii 
December, 1919 : issibed separately, 4ih June, 1920. '\ 

Colobanthus Muelleri T. Kirk. 

Dry ground near the verge of sea-clilfs, Manaia, Taranaki ; Mrs, F, 
Mason! I am not aware of a more northern locality on the western side 
of the North Island. 

Plagianthus cymosus T. Kirk. 

Mr. Phillips Turner informs me that this species occurs in the valley 
of the McLennan River, a branch of the Tahakopa River, which flows into 
the sea about twenty miles south of Gatlin’s River, Otago. The locality 
is not far from the sea, and it would be interesting to ascertain whether 
both P. betulinus and P. divaricatm are to be found in the vicinity. In 
the Illustrations of the New Zeala'nd Flora (vol. 1, pi. 21) 1 have hinted 
at the probable hybrid origin of the plant. 

Gunnera arenaria Cheesni. 

Moist sandy places on the coast near Manaia, Taranaki ; Mrs, F, 
Mason! Not previously recorded between New Plymouth and Patea, 
but probably always to be found in damp places on sand-dunes of any 
extent. 

Eugenia maire A. Cunn. 

Bo far as I am aware, no one has recorded the presence of pneumato- 
phores in Eugenia maire. They were first brought to my notice by 
Mr. Colin Stewart, late of Mangatai, Mokaii, who supposed that they were 
connected with the remarkable floating roots of Freycinetia Banksii, 
mentioned farther on in this paper. The mistake is a very natural one 
to make in a wooded swamp, where the roots of both species are almost 
inextricably mixed. As Eugenia is plentiful in swampy gullies at Birk- 
dale, near Auckland, I induced Mr. F. S. Fisher, a resident in the locality, 
to make a careful search, which resulted in proving that the pneumato^ 
phores were abundant in most suitable localities. At a later 4ftte I 
visited the district xmder Mr^ Fisher’s guidance, and was able to prepare 
the following notes. 

Thte pneum^tophores of Eugenia maire rise from the ordinary roots of 
the tree, and reach a height of 9 in. to 18 in. above the level of the 
ground. They are about Jin. in diameter at the surface of the ground, 
l^eldom more, and are rigidly erect, and usually fasciculately branched. 
The ultimate jshoots are J-|in. in diameter, cylindric, faintly constricted 
here and there. They somewhat resemble the branches of Salicomia in 
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vippearance, but are not jointed, and are much more stiffly erect. They 
are obtuse and frequently swollen at the tip, spongy or corky, but are 
always furnished with a hard woody central axis. The young and 
growing part of the pneumatophore is usually coloured a reddish pink. 
When old and apparently ceasing to perform its duties as an airr breather 
the outside layers die, and are thrown off in thin whitish flakes. No 
pneumatophores were noticed bearing leaves ; but many of them give off 
thin slender shoots which turn downwards at an acute angle and, entering 
the ground, assume the appearance of true roots, The contrast between 
the stiffly erect true pneumatophores and the thinner branches all turning 
sharply downwards is very rcunarkable. It is much to be desired that 
some one would work out the anatomical peculiarities of these curious 
structures. 

Aciphylla Cuthbertiana Petrie. 

1 have to thank Mr. James. Speden, of Gore, for an excellent suite of 
specimens of this distinct species, collected on The Hump, near Lake 
Hauroko, at an elevation of about 3,000 ft. 

Coxella Dieffenbachii Cheesem. 

Mr. E. R. Ohudleigh informs me that until comparatively recent years 
Coxella was fairly abundant on the north-east to north-west slopes of Cape 
Young (Mairangi), on the north side of Chatham Island, and may still linger 
there. Originally the plant was more or less abundant on the whole of 
the cliffs of the northern side, but has been destroyed by sheep in all 
localities to which they can gain access. 

Angelica rosaefolia Hook. 

Sea-cliffs near Manaia, Taranaki ; Mrs. F. Mason ! Not previously 
recorded anywhere on the coast-line south of New Plymouth. 

Panax Edgerleyi Hook. f. 

I am indebted to Mr. W. Martin, of Christchurch, for a specimen of 
this, gathered in forest at Akaroa. It is not mentioned in Mr. Lamg^s 
valuable paper on the “ Vegetation of Banks Peninsula,” nor in the earlier 
lists of Raoul and Armstrong, At the same time, considering its distri- 
bution elsewhere iir New Zealand, it is precisely one of those species that 
might be reasonably expected to occur. 

Gnaphalium Lyallii Hook. f. 

Damp places on sea-cliffs near Manaia, Taranaki ; Mrs. F. Mason! 
As this handsome plant has been gathered northwards at Opunake by the 
late Mr. T. Kirk, and to the south at Waingongoro by Dr. Cockayne, we 
may assume that it is probably abundant on the Taranaki sea-coast to 
the south of Cape Bgmont. 

Cotula coronopifolia Linn. 

Var. integrifoUa T. Kirk is certainly nothing more than a starved 
diminutive form. On the railway reclamations on the foreshore of Auck-^ 
land Harbour it has appeared in immense abundance during the last two 
or three years, chiefly in places where water has stagnated in winter or 
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spring. The ordinary form of the species, which is abundant in the sanw 
Icoality, when growing in good soil and plentifully supplied with moisture 
has numerous branching stems, creeping below but ascending at the ' tips; ^ 
and has an average height of from Sin. to 10 in. From that it pasS^ 
imperceptibl^into much smaller states, in which the stems are unbranched, ‘ 
the leaves linear and entire, and the flower-heads much smaller and solitary, 
thus constituting the so-called variety. When seeds are abundantly pro- 
duced, and the surrounding area is unpccupiedj multitudes of seedlings 
appear, so closely packed and so reduced in size as to resemble patches 
of moss when seen from a little distance. The individual stems, in such 
cases, are often not more than J in. in height, bearing 2 or 3 minute leaves, 
and with a solitary flower 1 mm. in diameter. A patch of these seedlings, 
measuring 2 in. by IJ in., contained no fewer than 343 separate plants, the 
tallest of which was under 1 in. in height. Another piece, cut out of a 
patch some yards in extent, and measuring in. by 1 in., contained 213 
separate plants. A yard square, if covered in a similar manner — and 
several such instances were observed — would contain at least half a 
million plants. • ' \ 

Dracophyllum Townsoni Cheesem. 

Mr. James Speden, of Gore, sends me specimens of this, gathered at an 
elevation of 3,000 ft. on The Hump, near Lake Hauroko. Mr. Speden 
informs me that he frequently observed leaves over 2 ft. in length, thus 
equalling those of D. latifolium and D. Traversii. None of the specimens 
of D. Townsoni sent to me by its* discoverer has leaves much over 12 in., 
but Mr. Townson informs me that possibly small specimens were selected 
for convenience of .carriage. Mr. Speden’s plant has the peculiar decurved 
lateral panicle of*D. Townsoni, but he saw no branched specimens. 

Solanum aviculaxe Forst. var. albiflora Cheesem. n. var. 

It has long been known that although this species ordinarily produces 
purplish flowers, yet occasionally white-flowered specimens are seen ; but 
no one seems to h!ave observed that in such cases the colour of the stems 
and of the veins of the leaves is also affected. As far back as 1880 I noticed 
that in white-flowered specimens observed by myself at Buckland the 
aspect of the plant was somewhat different from that of the purple-flowered 
variety ; and at various times since then the same thought has occurred to 
me, but I failed to carry the inquiry any further. Early in 1915, however, 
Mr. W. Townson observed that the white -flowered variety was by no means 
rare near Pukekohe (Auckland District), and was induced to pay a little 
attention* to it. He ascertained that not oven one single white flower is 
ever produced on a purple-flowered plant. He also established the fact 
that on a white-flowered plant the leaves are pale green, and much 
thinner and more delicate in texture, so that the whole plant has a more 
slender and graceful appearance ; and the stems and veins of the leaves 
are pale-greenish or yellowish-green. On the other hand, the plants with 
purple flowers have coarser leaves, and the veins of the leaves and the 
stems arc purplish or brownish-purple. 

Mr. James Graham, of Patumahoe, has also investigated the matter. 
He informs me that, having noticed several plants with white flowers on, 
the earthworks of the Waiul^ railway, he collected a number of seeds and 
had them sown in the Patumahoe School garden. About thirty plants 
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were raised, all of which have the thin leaves and yellowish veins of the 
white-flowered variety. All the plants that have flowered up to the present 
time have borne white flowers. The facts t^us collected by Mr. Townson 
and Mr. Graham may be taken as a satisfactory proof that the white- 
flowered plant constitutes a stable variety, “ coming true from seed, and 
well worth distinguishing by a varietal name. 

Atriplex Billardieri Hook. f. 

Sandy shores of Matakana Island, between Tauranga and Katikati ; 
a few plants only ; T, F, C. This plant is singularly rare, and is seldom 
seen in any quantity. I am not aware that it has been gathered in any 
locality on the western side of either the North or the South Island. 

Pimelea Gnidia Willd. 

Mr. W. Townson has forwarded specimens gathered on the summit of a 
lofty hill between the Kauaeranga River and the Hihi Stream, Thames. 
This is at least 150 miles from the nearest part of the Ruahine Mountains, 
the most northerly locality previously known. 

Tupeia antarctica Cham: & Schl. 

I am indebted to Mr. B. E. Sixtus, of Umutai, on the western flanks 
of the Ruahine Range, for specimens of this, parasitic on Olea Cunning- 
hamii, which is quite a new host so far aS my own knowledge is concerned. 


Dactylanthus Taylori Hook. f. 

Mr. W. Townson, so well known from his fruitful botanical explora- 
tion of the Westport district, but now resident at the Thames, has been 
fortunate enough to discover this remarkable plant in great abundance 
in the elevated forest district lying north-east from the town of Thames. 
So far as I can judge, this is a continuation of the locality where it was 
observed by the late Mr. T. Kirk in April, 1^69 (see Trans. N.Z. Inst., vol. 2, 
pp. 94-95). Mr. Townson informs me that it can be observed for several 
miles along what is known as “ Crosby’s Track,” and that he is acquainted 
with at least six separate stations. In all cases the host was Schefflera 
digitata, as is usual in the northern portion of the Auckland Provincial, 
District. The rhizome attains a considerable size, the largest seen weighing 
over 61b. As the result of the examination of very numerous specimens 
Mr. Townson has definitely proved that the mature plant is monoecious, 
the male and female spadices being produced oil the same rhizome, and 
often side by side. The male spadices, however, are the more numerous. 
All observers have pronounced the flowers to be highly fragrant, but dis- 
agree as to the nature of the perfume. Mr. Townson states that it resembles 
that of a “ ripe rock-melon,” but he also says that “like many perfumes, 
it may also pass into a bad smell when too concentrated.” He also remarks 
that on one occasion he “ kept a large rhizome for a considerable time in 
a back room, where it gradually expanded its flowers. The scent was so 
i. attractive to flies that all day long it was surrounded by a little crowd of 
tfiem.” No doubt this points to the fertilization of the plant through insect 
agency. The flowering season appears to last, at the Thames, from the 
, middle of March to the middle of April. 
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Urtica ferox Forst. 

Mr.-T, H. Trevor has discovered another locality for this species in the 
Bay of Islands County, a few miles distant from the Ngamahanga wahir4apu 
mentioned in my last contribution to this series (Trans, N,Z, Inst,, voL 51, 
p. 89). This makes it probable that the plant may be observed in other 
stations north of Auckland. For a new southern locality I am indebted to 
Mr, A, Allison, who informs me that it is not uncommon at the base of the 
Paeroa Range, between Waiotapu and Orakei-korako. 


Freycinetia Banksii A. Cunn. 

1 am not aware that any one has recorded the presence of curious 
floating roots in Freycinetia Banhni, My first acquaintance with them 
was derived from a fragment forwarded by Mr. B. C. Aston last February, 
which was collected by Mr. Sidney Fry in the Totara Creek, a small 
tributary of the Mokau River, junctioning with it about eighteen miles 
above its mouth. This fragment presented several unusual features, 
and I was consequently glad to avail myself of the kind assistance of 
Mr. Colin Stewart, at that time residing in the locality, for obtaining a 
copious supply of specimens. These consisted of slender roots, often 
several feet in length, in which the central axis is fijrm and solid,, but 
the cortical tissue very loose and open. These roots are copiously 
branched, the ultimate divisions being very numerous and filiform. The 
outstanding peculiarity of the roots, however, which at once attracts 
attention, is that they are regularly girdled; as it were, with conspicuous 
spongy or corky whitish rings. These give the roots a very remarkable 
appearance, so that Mr. Fry, their original discoverer, describes them as 
waving about with the disturbing currents like so many worms, their 
brown segmented forms, with the whitish sheaths encircling them at 
intervals, giving them the appearance of ringed worms.” 

Mr. Colin Stewart, in endeavouring to find the origin of the roots, con- 
sidered that he had traced them to a tree which I have identified as 
Eugenia maire, the branches, leaves, and pneumatophores of 'which he sent. 
But this I believe to be a very pardonable mistake. A lengthened search 
at Birkdale, in a swampy district where both Eugenia and Freycimtia are 
abundant, and in which I had the assistance of Mr F. S. Fisher and 
Mr. John Bishop, resulted in showing that while it was comparatively easy 
to connect the floating roots with Freycinetia, and . the pneumatophores 
with Eugenia, all attempts to trace the floating roots to Eugenia failed. 

The exact use of theSe “ floating roots ” in Freycinetia must remain 
doubtful until their anatomical structure has been investigated, but in all 
probability they may be looked upon as “breathing-roots.” 


Juncus scheuchzerioides Gaud. 

, This is one of the species added to the florula of Macquarie Island by 
Mr, H. Hamilton, during the stay of a portion of the Australasian Antarctic 
Expedition on that island during the years 1911-13. It is a true circum- 
polar plant, having been recorded from the Auckland and Campbell Islands,. 
Antipodes Islands, Fuegia, Falkland Islands, South Georgia, the Cro2ets> 
and Kerguelen Islands. ' 
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Scirpus aucklandicus Boeck. 

This also has been collected on Macquarie Island for the first time by 
Mr. H, Hamilton. Its existence thereon might have been safely predicted, 
seeing that it is the most common species of the genus on the islands to 
the south of New Zealand. It has also been recorded from Tasmania and 
from the isolated Amsterdam Island, but both these localities require fuller 
confirmation. 

Carex trifida Cav. 

Fringing swamp-holes on flats at West Point, Macquarie Island ; 
H. Hamilton ! ' Apparently not common, for Mr. Hamilton remarks 
on his labels that it was seen only in the locality quoted above. ,The 
geographical distribution of the species js given in the Manual. 

Triodia macquariensis Cheesem. 

“ Apparently perennial, tufted, often forming dense patches, smooth 
and glabrous. Culms numerous, erect or geniculate at the base, 6-12 cm. 
long, leafy to the base of the panicle. Leaves equalling the culms or longer 
than them, rather narrow, 1-2 mm. broad, deeply striate, quite glabrous, 
flat or involute, margins thickened, tips obtuse, caUous ; ligules broad 
ovate, thin and membranous ; sheaths unusually long, much broader than, 
the blades, sometimes as much as 5 mm. across, smooth, pale, and mem- 
branous. Panicle narrow, glabrous, 2 -3 cm. long ; branches few, short, 
erect. Spikelets 6-15, 3-5-flowered, 6-7 mm. long, the lowest flower sessile 
at the base of the spikelet, the upper usually remote from one another. 
Empty glumes unequal, the lower, half to two-thirds the length of the 
upper, glabrous, oblong, obtuse, 3-nerved. Flowering-glumes ovate or 
broadly ovate-oblong, rounded at the back, not keeled, 5-nerved, glabrous 
or very faintly pubescent on the nerves, minutely 3-toothed at the tip or 
irregularly erose. Palea broad, 2-keeled, the keels ciliolate. Lodicules 2, 
acute. 

“ Hob. — Macquarie Island, rocks and cliffs near the coast ; H, Hamil- 
ton J 

“ Mr. Hamilton remarks that this is a common coastal grass, found in 
crevices in bare rock or on the cliffs. Some of his specimens are plentifully 
, mixed' with Tillaea moschata or ColobaMhus muscoides, both plants common 
in littoral situations. Scraps of Callitriche antarctica are also present. Its 
discovery adds another species to the list of those endemic in Macquarie 
Island, of which three species are How known — Deschampsia penidUata, Poa 
Ha/miUoni, and Triodia mcuiquariends. I have found it a puzzling plant 
to place. It differs from Poa principally in t^^e flowering-glumes being 
rounded on the back, and minutely 3-toothed (or irregularly erose) at the 
tip. It agrees with Atropis in the flowering-glumes being rounded on the 
back, but differs in habit, and in the 3-toothed tip of the flowering-glume. 
Although not a typical Triodia , it must be kept in the vicinity of the New 
2^1and T. austraUs.^' 

The above has appeared in my memoir on “ The Vascular Flora of 
Macquarie Island, ’’ published in the Scientific Reports of the Australasian 
Antarctic Expedition. I reproduce it here to draw fuller attention to the 
species, which may occur in the islands to the south of New Zealand. 

Festuca erecta D’Urville. ' 

Macquarie Island, not unconjmon on rocks near the sea ; Dr, Scotty 
A, HamiUm! H. Hamilton I This is the plant described as a new species 
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by Mr. T. Kirk, under the name of F. contraota {Trans, N,Z, Inst,, vol. 27,, 

L 353). Kirk had only two very indifferent specimens to deal with ; but, 
tunately, Mr. H. Hamilton secured a fair number of specimens. An 
examination of these proved that the plant was either very closely allied 
to the Fuegian and Kerguelen Festuca erecta D’Urville or positively iden- 
tical with it. There being no authenticated specimens of F. erecta in New 
Zealand, I applied to Dr. Stapf, of the Kew Herbarium, with the view of 
having a comparison made. This he has kindly done, with the result of 
proving that the Macquarie Island plant is identical with F. erecta. This 
is practically a circumpolar species, having been recorded from Fuegia, 
Falkland Islands, South Georgia, and Kerguelen Island. 

Cyathea medullaris Swartz. 

I am not aware that any actual measurements of the height of this 
species have been published. In books it is usually given as “ from 10 ft. * 
to 40 ft. high,” but it certainly attains a much greater height. With the 
view of putting some definite information on record, I induced Mr. E. Le Roy 
to measure the height of two fine specimens growing in a ravine on his 
property at Birkenhead. He informs me that the smaller of the two is 
39 ft. to the crown ; the other one being 46 ft. to the crown, and 50 ft. to 
the top of the fronds. ^ As I have seen taller specimens, we can safely 
conclude that it occasionally reaches between 60 ft. and 65 ft. in height. 

Dicksonia squarrosa Swartz. 

Mr, Le Roy has also been kind enough to measure the height of two 
specimens of Dicksonia squarrosa. The higher one measured 23 ft. 8 in. to 
the crown, and 27 ft. to the top of the fironds ; the other proved to be 
19 ft. 6 in. to the crown, and 21 ft. to the top of the fronds. 

Nothochlaena distans R. Br. 

The late Mr. H C. Field, in his book, Ferns of New Zealand (p. 88, 
and pi. xxviii, fig. 4), alludes to a ^supposed new Chedanthes collected 
by Mr. A. C. Purdie near Dunedin. The description given is inconclusive, 
and the figure does not show sufficient detail to enable the generic position 
of the plant to be made out. In default of any specimens I consequently 
did not allude to it in the Manual. 

Rather more than a year ago, however, Professor A. Wall forwarded 
a specimen of a fern collected in clefts in basaltic rocks at Diamond 
Harbour, a bay of Port Lyttelton, suggesting that it might prove to be 
Mr. Field’s plant. In thi^ view I concurred, but as the specimen showed 
no signs of sori it was impossible to fix its systematic position. Professor 
Wall has now forwarded an ample series of specimens in all stages, 
proving, as he says, that the plant is only a shade form of Nothochlaena 
distans. It usually occurred in deep crevices entirely shaded from the 
sun, and^is consequently not so rigid nor so well covered with linear scales 
as the typical state, which is frequently seen ii^ dry situations in the 
Auckland lava-fields. In the ramification of the frond, and in the positic^ 
f^nd character of the sori, the two plants are practically identical. 

Naturalized Plants. i 

Eschscholtzia californica Cham. 

This plant, which is sparingly naturalized as a garden escape, appear 
to be poisonous to stock, judging from the following particulars ew- 
plied to me by Mr, T, H, Trevor, of Pakaraka, Bay of Islands. He 
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removed the fence from kn abandoned garden, Exposing a few plants of 
the Eschscholtzia, A bull running in the paddock ate a few leaves and w&k 
seriously affected, but ultimately recovered. The plants were then grubbed 
up and destroy^, and no further symptoms were noticed among the 
cattle. Unfortunately, it was not observed that a large number of 
seedlings had appeared in the neighbourhood of the old plants, so that 
when a number of lambs were placed in the paddock they were at once 
affected, half a dozen dying within an hour. At first they appeared to 
be silly, then lost the use of their limbs, and died frothing at the mouth* 

Psoralea pinnata Linn. 

Mr. B. Waters sends me specimens of this from the neighbourhood of 
Dargaville, where it is said to be spreading fast. I have also observed it 
by roadsides at Birkdale, near Auckland. The only previous record is 
Waipu (see Trans. N.Z. Inst., vol. 46, p. 8). 

Chrysanthemum coronarium Linn. 

This welldmown garden-plant has appeared as an escape from cultiva- 
tion in several localities near Auckland. It has also established itself on 
the railway reclamations along the side of Auckland Harbour. It is a 
common plant in the Mediterranean region, extending southwards to the 
Azores, and has often appeared as a naturalized plant in Britain. 

Senecio spathulatus A. Kich. 

This species, which is allied to the New Zealand S. lautus Forst., has 
appeared in great quantities on the Harbour Board and railway reclama- 
tions fringing Auckland Harbour, and is fast making its way into waste 
places within the City of Auckland itself. It has probably been accident- 
ally introduced from Australia, where it is known from several localities, 
and particularly from “sandy shores in Port Jackson*’ (Sydney Harbour). 

I am indebted to Dr. Maiden, of the Sydney Botanical Gardens, for asking 
his assistant, Mr. Cheel, to make a special report on my specimens of the 
plant, with which I haye been somewhat puzzled. He informs me that, 
although it comes under the circumscription of S. spathulatus as defined 
by Mr. Bentham in the Flora Australiensis, all the New South Wales 
specimens, as well as all my own, have pubescent achenes and 2-nerved 
involucral bracts, thus agreeing with the description of S. anacampserotis 
DO., and differing from the type description of S. spathulatus, which is 
said to have the fruit “ linearis striatus glaber.” - Mr. Cheel considers 
it to be an open question whether S. anacampserotis should not be 
re-established as a species. 

Juncus acutiflorus Ehr. 

Moist gullies at Pukeatua, West Taupo County ; D. Petyie ! I am 
indebted to Mr. Petrie for specimens of this species, which has 'not been 
previously noticed as introduced into New Zealand. I understand that 
the specimens were identified by Dr, Stapf, of the Kew Herbarium. 

Festuca fallax Thuill. and F. dura Host. 

I have also to thank Mr. Petrie for specimens of these two plants, which 
have been identified by Dr. Stapf under the nanaes given above — ^in the 
case of the second one with sonde little doubt. In a broad sense they 
"would doubtless be treated as forms of the widespread F. rubra Linn. 
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By D. Petrie, M.A., Ph.D., F.N.Z.Iiist. 

[Head before the Auckland Institute, 22nd December', 1919 ; received by^ Editor , , Slst 
December, 1919 ; issued separately, 4ih June, 1920 

Pittosporum Matthewsii sp. nov. 

Planta P. virgatae T. Kirk affinis ; differt foliis confertis, maturis lineari- 
oblongis subacutis glabris a marginibus undulatis ; capsulid longioribus 
subacute obovatis, ± 1*8 cm. longis, circa 1cm. latis, valvis duabus nec 
canaliculatis nec latere depressis atris undique lacunosis. 

A small compactly branched tree, 20-25 ft. high, Vith black bark. 

Juvenile state : Branches and twigs slender, the latter closely covered 
with greyish-white pubescence ; leaves rather closely placed, patent, narrow- 
linear, ± 2 cm. long, ± 2 mm. wide, subacute entire or slightly waved 
at the margins, glabrous or nearly so, little coriaceous, somewhat recurved 
at the edges when dried, midrib evident below, rather obscure above, the 
upper surface dark green and polished, paler below ; very young leaves 
brownish-green and more or less closely clothed with white semipubescent 
hairs ; petioles very short and slender. 

Mature state : Twigs more or less closely scarred by the bases o| the 
fallen leAves ; leaves rather closely placed, linear-oblong or narrow obovate- 
oblong, ± 4 cm. long, 5-8 mm. wide, subacute, glabrous except the sub- 
floral which are closely covered with brownish-yellow toment^um, moderately 
coriaceous, entire, flat or more or less wavy at the margins (rarely obscurely 
siiiuate-dentate near the tips), the lower surface paler with conspicuous 
dark-red midrib and veins, above more or less polished with midrib obscure 
and veins obsolete, edges slightly recurved when dried ; petioles very 
short and slender. 

Flowers termmal, solitary or in compact umbels of 6 or fewer, rather 
small, ± 7 mm. long ; peduncles not longer than the flowers, densely 
clothed, as are also the sepals, with brownish -yellow tomentum ; sepals 
linear-lanceolate, acute. ; petals dark red, narrow-cuneate, obtuse, sharply 
recurved over the tips of the sepals ; pistil as long as the flower, pilosely 
pubescent below the style. Mature capsules subacutely obovate or sub- 
pyriform, ± 1*8 cm. long, about 1cm. broad above the middle, obtui^ 
or broadly subacute, shortly apiculate, glabrous, 2-valved, the valves 
nearly semicircular in cross-section and neither grooved nor ribbed, black- 
pitted all over. 

Hah. — Kennedy Bay, Coromandel Peninsula : H. B. Matthews ! 

The close placing of the leaves, their linear-oblong outline, and the 
distinctive size and shape of the mature capsule, clearly distinguish this 
species from P. virgatum. I have seen nothing to indicate any variation 
, in the form of the juvenile leaves, but- as I have not seen the plants growing 
I cannot be certain that such variation does not occur. 

Uncinia longifructus (Kiik.) Petrie sp. nov. 

^ U. laxe caespitosa v. ± diflusa ; culmi 12-20 cm. longi filiformes teretes 
stricti glabri leviter canaliculati. Folia peranguste linearia plana v. ± > 
complicate tenuia flaccida longe vaginantia vix canaliculata, carina subtus 
conspicua. Spiculae breves pauciflorae ± 1 cm. longae ± 5 mm. latae ; 
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pars mascula brevissima ; glumae anguste lanceolatae acuta^ tenues palljde 
virides, leviter 3-nerviae, a marginibus late scariosae, mox deciduae 
Utriculi 5~6 mm. longi piano-con vexi peranguste elliptici aenei politi, nervis 
duobus baud conspicuis distantibus a latere convexo percursi ; rhacheola 
utriculum dimidio superans ; nux oblonga triquetra apice leviter annulata. 

Laxly tufted or spreading more or less freely by slender stolons. 
Culms 12-20 cm. long, filiform, terete, strict, smooth, slightly grooved, 
clothed fpr one-third their length by the sheathing leaf-bases, equalling or 
exceeding the leaves. Leaves very narrow linear, flat or slightly folded, 
thin and flaccid, smooth (the edges towards the tips only slightly scabrid), 
long-sheathing hardly grooved, midrib evident below. Spikelets short and 
few-flowered, ± 1 cm. long including the bristles, and about half as wide ; 
female flowers 3-4 (rarely more); male part very short, of 2-3 flowers; 
stamens 3, long. Glumes* narrow-lanceolate, acute, thin, pale green, rather 
faintly 3-nerved along the middle of the back, with broad scarious edges, 
the lateral nerves vanishing below the apex, soon falling away from the 
broad cupular expansions of the rhachis on which they are seated. Utricles 
5-6 mm., long, very narrow elliptic, more or less plano-convex, greenish- 
brown, polished, with two rather faint distant nerves near the edges of 
the convex face, broadly stipitate below, very gradually narrowed above 
into a long acute beak ; bristle IJ times as long as the utricle. Nut 
oblong, triquetrous, slightly annulate at the base of the style. 

Mah , — Open beech forest, Routeburn Valley, Lake County, at 2,300 ft. ; 
End Peak, Lake Hauroto, J. Crosby Smith ! Clinton Valley, Lake iTe Anau, 
in open bush. 

Kiikenthal has made this plant a variety of £7. tenella R. Br. It is 
easily distinguished from the latter by the following characters : the thin 
flat flaccid long-sheathing leaves, the much longer culms, and the greatly 
longer and narr6wer plano-convex greenish-brown polished utricles. The 
length of the utricle of U. tenella is given as IJ lines by Bentham and as 
3 mm. by C. B. Clarke, and its shape is altogether different from that 
of the plant here described. Kiikenthal gives .the length of the utricles of 
U. tenella as 3i mm., and those 5f his variety longifructus as 6 mm. 
He also states (incorrectly) that C. B. Clarke always found only two 
stamens in the male flowers of U. tenella. 

Note on Uncinip, tenella R. Br. 

Specimens of an Urwinia collected by Dr. Cockayne and myself at 
an elevation of about 4,000 ft. bn Kelly’s Hill (Taramakau River), 
Westland, belong, so far as I can judge, to this species, the typical 
form of which has not so far been recorded from New Zealand. These 
closely match specimens* of Brown’s plant from (1) Southport (Tasmania), 
(2) Upper Yarra (Victoria), and (3) the Dandetiong Ranges (Victoria), 
given me by the late Sir Ferdinand Mueller. In the Kelly’s Hill plant 
the stamens were 3 in the few male flowers I could spare for dis- 
section. In one of the Southport plants there were 2 stamens in three 
of the male flowers, and 3 in two other flowers. Bentham found only 2 
stamens in the flowers he examined. Mr. C., B, Clarke says the stamens 
in the specimens seen were 2, at least most frequently — “ saltern saejiissime'' 
The utricles of the Kelly’s HiU plant differ in no respect from those of 
typical U. tenella. Mr. Cheeseman (Manual^ p. 800) considers the Kelly’s 
Hill plant intermediate between U. tenella R. Br. and £7. nervosa Boott. 
What Z7. nervosa may be no one knows definitely. Bentham remarks that 
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it was founded on a single specimen, an^ refers it to V, compacta R. Br. 
Mr. G. B. Clarke ranks it as a variety of the latter. ^ The V. nervdsa 
in Cheeseman’s Manual seems to me ifi no way closely related to the 
Kelly’s Hill plant. The figure of Boott’s species in Flora Ta$manica is a 
poor one, and affords little help in identif 3 dng it. 

Uncinia caespitosa Col. var. collina var. nov. 

Rhizoma late stolonifera culmos plfirifoliosos plerumque diffuses edens. 
Culmi foliaque quam in typo breviores. Folia culmis breviora vel eos ^ 
aequantia, 10-20 cm. alta 4-6 mm. lata, plana suberecta coriacea, in 
apices incrassatos longe productos abeuntia. Spiculae 4r^ cm. longae 
± 8 mm. latae, subclavatae, supra densiflorae, infra floribus laxioribus ; 
glumae femineae utriculis nonnihil longiores ; nux elliptico-oblonga. 

Hah. — Mount Hikurangi (East Coast), at 4,800 ft. ; Ruahine Mounteins, 
at 3,500 ft. : B. C. Aston ! Tararua Mountains (Mount Holdsworth), 3,200 ft. 

This is a very distinct-looking form, and has considerable claim to 
specific rank. It forms large open somewhat sward-like patches, and 
never grows in distinct tufts, as the typical form usually does. 

Carex' secta Bootfc var. tenuiculmis var. nov. 

Var. C. virgatae Sol. habitu subsimilis ; a planta typica differt culmis , 
gracillimis baud raro filiformibus, foliis tenuibus . perangustis flaccidis 
complanatis vel apioem versus concavis (costa media p^irum conspicua) 
40-60 cm. longis culmos aequantibus vel excedentibus ; inflorescentia 
6-15 cm. longa simplici ± pendula spiculis plerumque remotis parvis pauci- 
floris sessilibus praedita vel a parte inferiore breviter ramosa (ramis paucis 
brevibus indivisis) ; rhachide pergracili vel filiformi ; utriculis breviter 
stipitatis vel paene astipitatis. 

Hah. — Damp localities in eastern and southern Otago : D. P. Damp 
localities in the Hanmer and Castle Hill districts. North Canterbury : Arnold 
Wall ! Damp localities in Chatham Islands : L. Cockayne ! W. R. B. 
Oliver ! 

I am indebted to Professor Wall for drawing my attention to this 
interesting plant, which I had unwittingly placed in the same species-wrapper 
as C. virgata. From this it differs entirely in the structure of the utricles. 
A hand-and-eye examination will hardly disclose its true position. The 
Chatham Island specimens show only immature utricles, but I think their 
identity with the mainland plant cannot be doubted. They also show 
remarkably long leaves that greatly ’exceed the culms. 

Poa novae-zelandiae Hackel v.mt. Wallii var. nov. 

A forma typica differt foliis coriaceis ± complanatis et a marginibus 
mvolutis incrassatisque muticis ; panicula breviore folia baud vel vix 
excedente, a parte inferiore foliis ± abscondita ; spiculis majoribus hand 
compressis ; glumis florigeris latioribus trinerviis acutis baud incurvatis 
subcoriaceis ; palea breviore ac latiore. 

Hah. — Mount Miromiro (Amuri County): A. Wall! Top of Mount 
Kyeburn (Maniototo County) : H. J. Matthews 1 Mount Pisa (Vincent 
County). 

The present plant appears to be confined to wet shingly stations, and 
ranges in altitude from about 3,500 ft. to 5,000 ft. or 6,000 ft. At the 
higher altitudes the plants are very dwarf. 
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Art. IV. — The Food Values of New Zealand Fish: Part /. 

By (Mrs.) Dorothy E. Johnson, B.Sc. in Home Science. 

Communicated by Professor J. Malcolm. 

[Read before the Otago Institufe^ 9th December, 1919 ; received by Editor, 31st December, 
1919 ; xHsned separately, 4ih June, 1920.'\ 

In all countries where procurable, fish should be made an easily accessible 
article of diet — i.e,, it should be both plentiful in quantity and reasonable 
in cost ; but, so far, the greatest possible use has not been made of the 
bountiful supply in New Zealand waters. Beyond the investigation of 
the composition of frost-fish and oysters by Malcolm* no attempt has been 
made to estimate the food values of New Zealand fish. 

Recognizing the necessity for the prosecution of research in the 
Dominion, the New Zealand Government placed funds at the disposal of 
the New Zealand Institute, which enabled that body to make a grant to 
Professor J. Malcolm* for the investigation of the chemistry and food values 
of the New Zealand fish. This paper outlines the work done in that 
connection. The aim has been to ascertain — 

(a.) The percentage composition of the edible portion of the fish 
investigated. 

(6.) The caloric value of the fish (by calculation). 

(c.) The percentage of waste in the fish as bought. 

(d.) From the point of view of cost, to arrive at some conclusion as 
to the comparative values of the fish as an article of diet. 

Methods. 

The fish were obtained from Dunedin retail fish-dealers, with the 
exception of one “ baby ’’ groper, which was sent from the Portobello 
Fish-hatcheries, and a sample each of mullet and snapper, which were 
sent from Auckland by boat. With .the larger fish, from \ lb. to 1 lb. was 
purchased, as would be done for home consumption. Wherever possible 
three samples, bought at different times, were analysed, but this was not 
always possible. 

In a few instances there is some doubt as to the exact variety of fish 
bearing a commonly known name : e,g., “ sea-bream ’’ is applied to two 
or three different varieties of fishjf and exact identification would have 
been difiicult owing to the fish being for the most part obtained in slices. 
It is likely, however, that in such instances the differences in composition 
would not be very marked— probably less than the difference between 
individuals of the same variety. 

(I.) Percentage of Edible Material and Percentage of Waste, 

Skin, bones, &c., were separated from the muscle, and the two portions, 
edible and non-edible, weighed. The flesh was finely minced and well 


♦ Trans, N.Z. Inst., vol. 44, pp. 265-69, 1912. 
f Private information from the Hon. G. M. Thomson. 
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mixed. Then, after a portion had been set aside for the estimation of 
the water and protein percentage, the rest was spread in thin layers on 
glass plates and dried, either over a low-temperature water-bath or in an 
oven maintained at 52° C. Some oxidation of the fat was unavoidable 
in this process. The dried material was minced again, passed through a 
fine sieve, and the larger pieces ground in a cofiee-mill. The whole 
powder was carefully sifted and stored in a bottle. In the case of tara- 
Idhi 1 and mullet 1 further oxidation of the fat was noticeable in that 
part exposed to the light. 

(II.) Percentage of Waier and SoUds. 

This was carried out in a hot-air oven at 65°-70° C., the average of 
three estimations per sample being taken. 

(III.) Percentage of Protein. 

The total nitrogen was estimated on fresh material by the Kjeldahl 
method, 0-2 N solutions of acid and alkali being used. The protein was 
calculated as total nitrogen multiplied by 6*25, and the average of two 
estimations per sample taken.* 

(IV.) Percentage of Fat. 

The dried powder from (I) was extracted with sulphuric ether in a 
Soxhlet extractor. After twelve hours’ extraction the solvent was evapo- 
rated somewhat, the mixture filtered, the remainder of the ether carefully 
evaporated, and the oil finally dried for three hours or more at 52° C. 
The figure in the' tables is the average of two estimations. (The water 
percentage of the powder was estimated, to obtain the amount of fresh 
material represented.) 

(V.) Perceniage of Ash. 

This was carried out in the usual way with the dried material from (II) 
in a Davy’s crucible furnace. The longer method of extracting the chlo- 
rides with distilled water after the first charring, and adding' the residue 
after evaporation to the ash, was used at first but discontinued, as the 
results from the shorter method were found to vary but little from those 
of the longer method, and the greater accuracy seemed unnecessary, as the 
protein and fat estimations could only be approximate. 

(VI.) Calculations. 

From these results the following figures were calculated : — 

(1.) Calories per cent., using the factors. 4*1 large calories per gramme 
of protein and 9*3 large calories per gramme of fat. 

(2.) The cost of 1,000 calories, and of 100 grammes of protein. 

(3.) For purposes of comparison the composition of milk, meat, and 
eggs was taken as given in Hutchison^s Food and Dietetics 

Results. 

The results are shown in the following tables (I-VI). 

♦ The use of this figure (6*25) is not quite satisfactory, as the proper factor to use 
with fish proteins requires investigation. 
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Trampeter (kohikohi) .. 1 1 Latris h^cateia . . .. 28/10/19 75-86 24-14 ! 3-31 19-37 * 1-01 99-65 

Moki . . . . . . 1 i Latris ciliaris .. . . 28/10/19 78-00 22-00 J 1-63 19-12 0-93 99-Jp9 

„ . . /, • • 2 I . . I 10/11/19 76-41 23-59 | 3-21 18-32 1-09 99-03 
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Tabi.» II. 


Name of Fish, dkc. 

Kind of 
Sample. 

Price. 

(Pence.) 

Weight. 

(Grammes.) 

Edible. 

(Percentage.) 

Waste. 

(Percentage.) 

Groper 

1 

Slice 

■'■4 

322 

82*92 

17*08 


2 


. 6 

316 

9462 

538 


3 


6 

271 

97*05 

2*95 

Baby ffroper 

1 

ft 

9 , 

2835 

87 32 

12*68 

ft 

Sea-bream 

2 

Whole 


3,742 

3931 

60*69 

1 

Slice 

U 

553 

87*05 

1295 

Crayfish 

1 

Tail 

2 

2285 

33 20 

66*80 


2 

ft 

3 

83 

7050 

20*50 


3 

Whole 

6 

680 

31 18 

68*82 

Snapper 

1 

99 • * 

17 5 

1,544 

44 37 

5563 


2 

99 • • 

30 

2,735 

3956 

60 44 

Mullet 

1 

99 • • 

IB 

1,240 

6331 

3669 

Tar^ihi 

I 

• • 

30 

1,895 

51 44 

48*56 

9f 

2 

99 • • 

9 

520 

5346 

46*54 

Blue cod 

1 

Slice, 

21 

744 

4744 

5256 

Kingfish 

1 

99 * * 

12 

498 

7330 

26*70 


2 

99 • • 

15 

561 

7825 

21 75 

Trumpeter 

1 !! 

Whole . . 

18 

909 

50 82 

49*18 

Moki 

1 

99 • • 

18 

1%159 

50 12 

49*88 


2 

Slice 

15 

572 

7832 

21*68 

Egg . . 


One 

, 2 

50 

1 

1 8800 

1200 

lieef . . 


Steak 

12 

454 

1 100*00 


Milk .. 


Pint 

3 

586 

j 100*00 

1 



Table III. 


Name of Fish. 

Calories per 
too Grammes of 
Undried Edible 
Material. 

Ck>st of 100 
Grammes Protein. 
(Pence.) 

Cost of 

1,000 Calories. 
(Pence.) 

Groper 

1 .. 



• 

7 3 



2 .. 



9639 

105 

20*8 


3 . . 



11092 

11 8 

* 206 

Baby groper 1 



10278 

19*8 

344 

ft 

2 .. 



102 56 

. . 


Sea bream 

1 .. 



119-51 

160 

269 

Crayfish 

1 .. 



100*69 

11 6 

26 1 


2 



85*96 

22*9 

529 

ft 

3 



10373 

12*7 

27 1 

Snapper 

1* .. 



90 38 

124 

28*3 

Mullet ' 

2 .. 



8161 

146 

23*8 

1* .. 



172*89 

9*0 

133 

Tarakihi 

1 .. 



167*46 

166 

174 


2 .. 



111 64 

16*0 

-29*0 

Blue cod 

1 .. 



86*40 

31*7 

697 

Kingfish 

1 .. 



11693 

17*6 

28 1 


2 .. 



11947 

17 2 

28*6 

Trumpeter 

1 .. 



110 20 

20 1 

353 

Moki 

1 .. 



9366 

16*2 

33 1 

f* 

2 .. 



104 96 

183 

31*9 

Eggs at 2 b. 

per dozen 


1 

168 33 

329 

295 

Beef at Is. 

per pound 



137*26 

12*6 

19 1 

Milk at 3d. 

per pint 



70-.00 

14*6 

73 


* Auckland pricM. 
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Table IV.—SHOwraa Fish in Obbeb or Fat Content, 





Per 




Per 




Cent. 




Cent. 

Tarakihi 

1 


. . 10 30 

Crayfish 

3 


. . 1-30 

Mullet 

1 


.. 10 09 

MoM 

1 


. . 1-63 

Kinghsh 

1 


4 32 

Blue cod 

1 


.. 0*90 


2 


410‘ 

Crayfish 

1 


. . 0-72 

Sea-bream 

1 


4 26 

Snapper 

1 


.. 0-60 

Groper 

3 


3 40 

Crayfish 

2 


.. 0-62 

Trumpeter 

1 


3 31 

Snapper 

2 


. . 0-42 

Moki 

2 


3 21 





Tarakihi 

2 


3 06 





Groper 

4 


2 93 

KgK 

. . 

. . 

. . 10 60 

Baby groper 



2 32 

Meat (beef) 

. . 

. . 

.. 5*60 

Groper 

2 


1-90 

Milk 

•• 

•• 

.. 4 00 


Table V.— Showing Fish in Order of Caloric Values. 
(Total calories per 100 grammes fresh material.) 


Mullet 

1 

1 


Per 

Cent. 

. . 172 89 1 

Crayfish 

1 


Per 

Cent. 

. . 100-59 

Tarakihi 

1 


.. 167 46 

Groper 

3 


. . 96 39 

Sea-bream 

1 


.. 119 51 ; 

MoM 

1 


. . 93 56 

Kingfieh 

2 


V .. 119 47 

Snapper 

1 


. . 90-38 

»» 

1 


.. 116 93 

Cra^sh 

2 


85 96 

Tarakihi 

2 


.. 11164 

Snapper 

2 


. . 81-51 

Groper 

3 


.. 110-92 

Blue cod 

1 


. . 85-40 

Trumpeter 

Moki 

Crayfish 

1 

2 

3 


. . J 10-20 
. . 104 96 

. . 103-73 

Bgg 



. . 158-33 

Groper 

4 


. . 102 78 

Beef 



.. J37 25 

Baby groper 



. . 102 56 

Milk 



. . 70-00 


Table VI. — Showing Fish in Order of Cost of 100 Grammes Protein. 





Pence. 




Ponce. 

Groper 

1 


7 31 

Kingfish 

1 


17 22 

Mullet 

1 


8 96 


2 


17 56 

Groper 

2 


10 45 

Moki 

2 


18 27 

»» 

3 


11-80 

Groper 

4 


19 78 

Crayfish 

1 


1149 

I’rumpetier 

1 


.. 20 11 

»» 

3 


12-66 

Crayfish 

2 


. . 22-98 

Snapper 

1 


12 35 

Blue cod 

1 


.. 3166 


2 


.. 14-64 





Tarakihi 

1 


. . 15 61 






2 


1.5 95 

Beef 


, , 

.. 12 60 

Sea-bream 

1 


16-99 

Milk 

, , 

, , 

14-62 

Moki 

1 


16 21 

Eggs 


. . 

. . 32 94 


* Discussion. 

The following points are noticeable : — 

1. The percentage of water and of solids shows much the same varia- 
tion that similar analyses* of American and European food fishes have 
shown. Further, the analyses exhibit the fact that a high fat value goes 
with a low water percentage, the protein percentage fluctuating but little 
from the mean of 19*69. In the process of fattening, therefore, the water, 


♦R. .Hutchison, Food and the Principlee of Dietetics i Clark and Almy, Journal 
of Biological Chemistry, vol. 33, p. 483, 1918. 
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not the protein, is replaced by fat. In a fatty fish there is an absolute 
gain in nutritive value though a decrease in digestibility. For example,— 


Fisb. 


Blue cod 
" Kingfish 
Groper 
Mullet . . 
Snapper 


Water 

1 " Percentage. 

Fat 

’ Percentage. 

Protein 

Percentage. 

. 

79-70 

0*90 

18*79 


75*65 

4*32 

18*72 

* • 

76-10 

3*40 

19*34 


69*43 

10*09 

19*29 


69*23 

10*30 

19*71 


2. Table IV shows the fish in order of fat content, which is the usual 
order of classification for dietetic purposes. There is considerable variation 
from tarakihi (sample 1) with 10*30 per cent, to snapper (sample 2) with 
0*42 per cent. One noticeable fact, however, is the difierence between two 
samples of the same variety of fish, even when bought at short intervals 
from each other. For example, — 


Fish. 

Date of Purchase. 

Fat 

Percentage. 

Tarakihi 1 . . 

13th October, 1919 

10*30 

„ 2 j 

22nd November, 1919 . . 

3*06 

Moki 1 

28th October, 1919 

1*63 

,, 2 1 

10th November, 1919 . . 

i 3*21 


This question needs to be investigated further before definite comparison 
can be made of the fat content of various fish. It may be a question, say, 
of metabolism or of seasonal variation. 

3. Table V shows the caloric values. The figures represent the total 
calories per 100 grammes of edible material. The presence to any great 
extent of fat increases the caloric value considerably, as will be seen by 
comparing Tables IV and V. Mullet 1, taralcihi 1, kingfish 1 and 2, sea- 
bream 1, groper 3, and trumpeter 1 occupy almost the same positions at 
the head of each table, and compare quite favourably with egg, beef, and 
milk. 

4. The cost of the fish, as shown in Tables II and VI, is the price 
actually paid as for home consumption. For comparative purposes the cost 
of 100 grammes of protein has been calculated. It will be noticed that 
there is considerable variation in price for the same variety of fish ; fish 
being a perishable commodity, and the supply being erratic owing to 
weather conditions, the fluctuations of the market are considerable. 


Fish. 


Date of Purchase. Price. 


8. d. 

Groper . . . . . . i 16th July, 1919 . 0 8 per pound 

„ . . . . . . I 30th July, 1919 . 10 

„ ... . . I 28th August, 1919 . 1 6 ^ 

The price, therefore, is not necessarily indicative of the food value. This 
is also apparent from the fact that 100 grammes of protein can be obtained 
from groper at 7|d., mullet at 9d., kingfish at Is. 6d., but from blue ood 
the cost is 2s. 8d. Hence the popularity of the last-named fish has little 
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to do with its food value, but probably has considerable influence on its 
price. Also, a chemical analysis does not take into account such , qualities 
as delicacy of flavour and texture, which, appealing to a buyer, exert an 
influence in increasing the amount he is willing to pay, 

5. Table II also points out that in dealing with fish the element of 
waste must be considered in comparing the cost. When bought in slices 
the average waste is one-sixth of the total weight, but with whole fish as 
much as one-half tends to be lost. There is also a further loss on cooking, 
but that has not been dealt with in this investigation. 

6. The methods used in ascertaining the percentage of protein give the 
maximum figure, since part of the total nitrogen will be contained in 
extractives and gelatin substances. As a source of protein, therefore, a 
fish containing 19 per cent, protein has really not the same value as meat 
or egg with 19 per cent, protein. But, without considering this factor, 
with beef at Is. per pound the corresponding prices for fish should not be 
greater than the following : — 

Per lb. Per lb. 

Groper . . 8^. instead of Is. 2d. \ 

Kingfish 7|d. „ Is. IJd. 

Tarakihi 5Jd. to 7|d. ,, 7Jd. Average 

Blue cod . . 3Jd. ,, Is. Od. I price 

Sea-bream . . 9d. „ Is. 3d. paid. 

Snapper . . 3d. ,, 5Jd- 

Mullet . . lOd. „ 6d. ^ 

These figures point to the high prices prevailing for a food that is 
naturally plentiful, and seem to indicate a state of artificial scarcity in the 
market. Another point which is very apparent in making these calcu- 
lations is that the amount of waste (from a food point of view) is an 
important determinant in comparing prices .: e.g., compare groper and king- 
fish. From the analyses (calories per cent.) the edible portion of kingfish 
is superior to that of groper in the proportion of 118 to 105 ; but the waste 
is 24 per cent, with kingfish, and only 7 per cent, with groper (slices). 
Therefore (compared with beefsteak at Is. per pound) the housewife can 
aflord to pay 8|d. per pound for groper, but only TJd. per pound for 
kingfish. 


Name. 

Calorie? 

Waste 

j Maxi 

(Percentage). 

(Percentage). 

per Pound. 

Kingfish . . . . 

118 

24 

i 

Groper 

105 

7 

\ 8id. 


It is necessary to point out, however, that these deductions are based 
on twenty samples (eleven kinds), and more complete investigation may 
make modifications necessary ; but it is noticeable 4;hat in many salient 
features the results concur with those of wider investigations carried out 
in other countries. , 

Besides acknowledging, with thanks, the constant help I have received 
from Professor J. Malcolm — to whom, indeed, the initiation of this research 
is due — I have also to thank the Council of the University of Otago for the 
use of their laboratories and apparatus. 

All the expenses incurred have been defrayed by a grant from the New 
Zealand Government, through the New Zealand Institute. 



Art. V. — The ZHstillatim of Waikaia Oil-shale. 

By W. Donovan, M.Sc., and G. C. Burton. 

[Read hejofe the Wellington Phihsgphical Society , 3rd December^ 1919; received by 
Editor t 3Ut December, 1919 ; issued separcUely, 4th June, 1920.] 

The following paper embodies the results of an investigation of the pro- 
perties of Waikaia shale, conducted at the Dominion Laboratory during 
1918, at the request of the Director of the Geological Survey. 

Eight representative samples were received from various bores put 
down by the Waikaia Shale Company. Proximate analyses were m^e, 
and also distillation tests, to obtain the yields of oil and gas. The results 
were 


Fixed 

Carbon. 

Volatile 

Hydro- 

carbons. 

Water lost 
j atlOO^’C. 1 

Ash. 

1 Sulphur. 

Crude Oil 
(Qallons 
per Ton). 

Gas 

(Cubic Feet 
per Ton). 

9 m 

1 3342 

7-7S 

49-20 

! 230 

23-5 

2,000 

17 20 

i 4374 

' 1013 

2893 

i 2^93 

370 

3,400 

17 25 

42-67 

8-63 

31-45 

1 3-40 

Not distilled. 

20-80 

46 87 

; 9-83 

22-50 

1 340 

1 48-0 

! 4,000 

20-75 

61-42 

10-78 

» 17 05 

1 308 i 

! 460 

1 4,000 

18-30 

46-65 

1 15-70 

1936 

1 3-20 

! 380 

3,800 

17 05 

1 61-45 

10-40 

20-60 

1 3-07 1 

350 

3,600 

17-70 

I 47*35 

1375 

21 20 

' 3-06 i 

420 

4,000 


Note. — There was not sufficient of No. 3 for a distillation test to be made. 

» 

A composite sample, made by taking equal weights of the above eight 
and mixing thoroughly, was examined in greater detail, The proximate 


analysis was— 

Fixed carbon . . . . .. 17*10 

Volatile hydrocarbons . . . . 43*03 

Water . . ' 10*42 

Ash . . . . . . . . 29*45 

100*00 

Total sulphur per cent. . . . . 3*05 

An ultimate analysis yielded — 

Hydrogen . . 5*64 

Carbon . . . . . . 39*55 

Nitrogen . . .... . . 0*30 

Sulphur 0. . . . ' . . 3*05 

Oxygen . . . . . . 22*01 

Ash 29*45 


100*00 

On distillation there was obtained — Crude oil equivalent to 38 gallons 
per ton of shale ; ammonium sulphate equivalent to 8 lb. per ton of shale ; 
gas equivalent to 4,000 cubic feet per ton of shale. 

The specific gravity of the crude oil was 0*96. 



TranmcHom. 


The oil was redistilled into the following 
Below 200° C. 

200°-250° C. 

250°-300° C. 

300°-350° C. 

Above 350° C. 

Residue . . 

Loss 


fractions : — 

7*0 (naphtha). 

14-0 

41*0 I 
6-0 
2-5 


100-0 

The distillate above 350° C. contained 14-2 per cent, of paraffin of 
melting-point 58*5° C., equivalent to 22 lb. paraffin per ton of shale. 

If all the fractions were collected in the same vessel they would give once- 
once-run shale-oil, 91-5 per cent, (equivalent to 34-75 gallons per ton of shale). 

The fuel values of this and of the crude oil were determined in the 
calorimeter, together with a crude oil from the Orepuki Shale-works, year 
1903, and crude Taranaki petroleum, received in 1906 (No. 562). The 
sulphur was also estimated at the same time. The results were : — 



Walkala Shale. 

Crude 

Orepuki 

Shafe-oU. 

Crude 

Taranaki 

Petroleum. 


Crude. 

Once run. 

Calorides per gramme* 

' 9,470 

10,032 

10,339 

10,713 

British thermal units per pound 

17,046 

18,058 

18,610 

19,283 

Evaporative power per pound in pounds 
of water at 212“ F. 

1 17-67 

18 72 

19 29 

1998 

Total sulphur per cent. 

i 1 80 , 

1-76 

1-79 

021 


A good fuel-oil should not contain more than 0-5 per cent, of sulphur. 

The yield of ammonium sulphate, 8 lb. per ton of shale distilled, is 
low. It would be increased if the distillation were conducted in the pre- 
sence of superheated steam, as is usual in working practice ; but even if all 
the nitrogen were recovered in this form it would not exceed 28-3 lb. per ton. 

The gas from the distillation had the following composition : — 


Carbon dioxide 
Oxygen 

Carbon monoxide 
Methane 

Hydrogen 

Nitrogen 

• • 


. . 18-3 

1-0 
.. 14-3 

. . 37-3 
. . 22-3 

. . 6-8 




100-0 


(Sulphur compounds, which were not determined, would be partly 
included in the carbon dioxide.) ‘ ^ 

When purified from carbon dioxide the composition would be : — 


Oxygen . . . . . . . . 1*2 

Carbon monoxide (CO) . . 17*5 

Methane (CH 4 ) .. .. .. 45*7 

Hydrogen . . . . . . . . 27*3 

Nitrogen . . . . . . . . 8*3 


100*0 



Calorific value, gross, in calories per cubic foot , . . . . . . 1629 

„ net, in cdories per cubic foot . . . . , . 1376 

„ gross, in British thermal units per cubic foot . . 6111 

^ „ net, in British thermal units per cubic foot . . 54fi6 

(Gas measured at 16*6® C. and 762 mm.) 


There woidd be about 3,260 cubic feet of such gas per ton of shale. 
The calorific value is approximately the same as that of good coal-gas. 

Summary. 

Waikaia shale would yield on distillation the following products per 
ton : 38 gallons crude oil, equivalent to 34:f gallons once-run oil ; ammonium 
sulphate, 8 lb. ; gas free froln carbon dioxide, 3,250 cubic feet. 

After fractional distillation and refining the oil would give the following 
products per ton, allowing 10 per cent, for impurities and loss : Light 
oil (naphtha), 2*5 gallons ; burning-oil, 8*8 gallons ; light lubricating-oil, 
6*2 gallons ; heavy lubricating-oil, 12*0 gallons ; paraffin, 20 lb. 

(The amount of light oil would probably be increased by scrubbing 
the gas evolved with a suitable medium oil, to dissolve the light hydro- 
earbons that escape condensation.) 

The shale appears to be very similar to Orepuki shale. 


Art. VI. — Sting-ray-liver Oil, 

By W. Donovan, M.Sc. 

[Read before the Wellington Philosophical Society t 3rd December ^ 1919 ; received by Editor, 
Slst December, 1919 ; issued separately, 4th June, 1920.] 

Mr. Hoyle, of Thames, conducted some experiments in the extraction of 
oil from sting-ray livers, and a quantity of about 8 oz., which he obtained 
from the liver of a single fish, was examined at the Dominion Laboratory 
in September, 1918. The sting-ray was probably Dasybatis brevicaudatus 
(Hutton). 

The oil was compared with cod-liver oil, with the following results : — 



Sting -ray- 
liver Oil. 

Cod-liver Oil. 

Specific gravity at 15*5° C. 

. . 0-927 

0-923-0-930 

Saponification value 

.. 189 

182-187 

Iodine value 

. . 166-5 

137-167 

Refractive index at 16® C. 

. . 1-4796 

1-4800 

Unsaponifiable matter (per cent.) 

3-7 

0-6-2-6 

Hexabromides (per cent.) . . 

45 

42-9 


The oil was free from rancidity, and quite palatable. It contained 
some “ stearine,” which made it cloudy at low temperature, and which, 
in the case of cod-oil, is usually removed by cooling and filtering. 

If the present sample were similarly treated the product would scarcely 
be distinguishable in appearance or composition from good cod-liver oil. 





Art. VII. — Descriptions of New Zealand Lepidoptera, 

m 

By E. MEYRigk, B.A., F.R.S. 

Communicated by G. V. Hudson, F.B.8., F.N.Z.Inst. 

[Read before the WeUington Philosophical Society, 3rd December, 1919 ; received b^ Editor, 
31st December, 1919 ; issued separately, 4th June, 1920.] 

I AM again indebted to the kindness of my esteemed correspondent 
Mr, G. V. Hudson for the material on which the following descriptions 
are based. 

^ , Crambidae. 

Orocrambus ventosus n. sp. 

?. 26-27 mm. Head, palpi, and thorax blackish, mixed with brown 

hairs. Abdomen dark fuscous irrorated with pale greyish-ochreous. Fore- 
wings elongate, posteriorly dilated, costa hardly arched, apex obtuse, 
termen slightly rounded, little oblique ; dark fuscous, suffusedly mixed 
with brown, especially on }) 08 terior half, somewhat lighter on post-median 
area, veins on posterior half more or less obscurely indicated with whitish 
scales ; a very obscurely indicated angulated darker transverse line towards 
termen : cilia grey, tips white, with a tendency to obscure whitish bars on 
veins. Hindwings grey, becoming dark grey towards termen : cilia ochreous- 
grey- whitish, with grey basal line. 

Mount Arthur, 4,200 ft., in January (Hudson) ; two specimens. 

^ , Pyraustidae. 

Scopana ciserodes n. sp. 

(J. 17 mm. Head grey suffusedly mixed with white. Labial palpi 2, 
dark grey, base whitish, apical edge mixed with whitish. Maxillary palpi 
white, basal half dark fuscous. Thorax grey irrorated with white, a streak 
of blackish irroration on each side of back. Abdomen grey-whitish. Fore- 
wings elongate, narrow at base, posteriorly dilated, costa anteriorly straight, 
posteriorly gently arched, apex obtuse, termen rounded, rather oblique ; 
light grey irrorated with white, with some scattered blackish scales ; a 
short fine blackish median longitudinal line rising from a small white spot 
at base ; lines indistinct, whitish, first slightly curved, direct (rubbed), 
second obtusely angulated in middle ; small cloudy dark-grey spots on 
costa beyond middle and at f ; orbicular and claviform indicated by some 
scattered blackish scales, discal spot represented by a slight 3-armed 
blackish mgrk, posterior arm edged beneath with pale ochreous ; two or 
three dashes of blackish irroration towards upper part of termen : cilia 
whitish, with subbasal series of well-marked grey spots. Hindwings 1^, 
grey-whitish : cilia whitish, with very faint greyish subbasal line. 

Porirua, WeUington, in January (Hudson) ; one specimen. An incon- 
spicuous insect, yet quite distinct from anything else. 


Tortrix sphenias Meyr. 


Tortricidae. 


I 


Mr. Hudson has pointed o\it to me that this species (originaUy referred 
by me to Cnephasia), of which he has sent a second specimen from Dunedin, 
is very close to fervida, and suggested that the two are identical. This 
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second specimen has veins 6 and 7 of hind wings separate ; in the original 
type they are unmistakably stalked, but it now appears probable that this 
was an individual abnormality, and the presence of a costal fold (a dis- 
cordant character in Cnephasia) and the' specific affinity to fervida indicate 
that the species should be removed to Tortrix, After careful comparison 
with my seven specimens of fervida, however, I entertain no doubt that the 
two species are distinct ; apart from superficial colouring, in which there 
is certainly some variability, the ciliations of antennae in $ are obviously 
longer and more fasciculate in fervida, and the termen of fore wings in that 
species is distinctly less oblique than in sphenias. 


Oecophoridab. ■ 

Borkhausenia compsogramma n. sp. 

<?. 13-15 mm. Head, thorax, and abdomen dark purplish-fuscous. 

Antennal ciliations 1. Palpi grey, second joint sometimes partially suffused 
with whitish-yellowish. Forewings elongate, costa gently arched, apex 
obtuse, tefmen obliquely rounded ; dark violet-fuscous ; markings ochreous- 
yellow suffused in disc with fulvous-orange, and with some scattered 
blackish scales on their edges ; an oval blotcji extending over basal fourth 
of dorsum ; a narrow irregular rather oblique fascia from costa before J, not 
reaching dorsum ; a transverse fasciate blotch from costa beyond middle, 
and another inwardly oblique from costa at both directed towards but 
not reaching a spot on dorsum before tornus ; a streak along termen 
throughout : cilia fuscous, base scaled with ochreous-yellow along terminal 
streak. Hind wings and^ cilia dark grey. 

Buller River, in December (Hudson) ; two specimens. At first sight 
extremely like chrysogramma, but on comparison the markings are seen to 
be quite differently arranged. 

Izatha amorbas Meyr. 

This species has an elongate pale-yellow blotch extending beneath 
median third of costa of hind wings, sometimes nearly obsolete, and not 
noticed in my description, but in an example now sent from Dunedin it is 
conspicuous. 


Lyonetiadae. 

Hectacma crypsimima n. sp. 

' J. 10 mm. Head grey mixed with whitish and blackish. Palpi dark 
fuscous. Thorax dark fuscous slightly speckled with whitish. Abdomen 
dark fuscous. Forewings elongate, rather narrow, costa gently arched, 
apex tolerably pointed, termen hardly rounded, extremely oblique ; bronzy- 
brown, irregularly speckled with whitish except in posterior part of disc, 
with some scattered blackish scales ; a very oblique blackish wedge-shaped 
streak from basal part of costa reaching half across wing ; oblique blackish 
wedge-shaped spots from costa before middle and towards apex, and one 
from middle of dorsum ; a small round blackish apical spot : cilia grey, 
whitish-tinged round apex, with two blackish lines. Hindwings and cilia 
d^rk fuscous. 

Wellington, in February (Hudson) ; one specimen, “ taken on black 
FaguB trunks.” 
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Tineidae. 

Mallobathra perisseuta n. sp. 

(J. 15 mm. Head, palpi, thorax, and abdomen dark fuscous. Antennal 
ciliations 2J. Forewings elongate, posteriorly slightly dilated, costa gently 
arched, apex obtuse, termen obliquely rounded ; 6 present ; fuscous, anterior 
half of costa suffused with darker fuscous ; a dark-fuscous quadrate spot 
on middle of dorsum, preceded and followed by suffused whitish blotches : 
cilia fuscous. Hindwings with 6 present ; rather dark fuscous : cilia fuscous, 
Dunedin, in October (Clarke) ; one specimen. 


Art. VIII . — Illustrated Life-histories of New Zealand Insects: No. 1. 
By G. V. Hudson, F.E.S., F.N.Z.Inst. 

[Read before the Wellington PhUoaophical Society, 3rd December, 1919 ; received by Editor, 
9th December, 1919 ; issued separately, 4th J une, 1920. ] 


Plato 1. 

The present article is the first of a series I hope to publish from time to 
time on the life-histories of New Zealand insects, which to the best of my 
belief have not previously been recorded. The subjects will not be selected 
in any systematic order, but the life-histories will simply appear as they are 
worked out in the field. Preference will, however, be given to those orders 
of insects where the least is known regarding their habits, and the species 
dealt with will therefore mainly belong to the so-called “ neglected orders.’’ 
Hence species belonging to the better-known orders of Lepidoptera and 
Goleoptera will be excluded from the scope of these papers at present. 
Illustrations will be given with each paper, which it is hoped will enable 
any naturalist to recognize the insects in all their stages. Such structural 
descriptions as may be given will be extremely brief, as it will necessarily 
devolve on specialists in each order to give fuller details when the study 
of the “ neglected orders ” is taken up in real earnest. In the meantime 
the present notes and illustrations may be useful in arousing interest and 
in presenting the subject in an intelligible form to the general student of 
nature. 


, Order DIPTERA. 

Family Tipulidae. 

Gnophomyia rufa. (Plate I, fig. 7. <?.) 

Tipula rufa Huds., Trans. N.Z. Inst., vol. 27, p. 294. Gnophomyia 
rufa Hutton, ib., vol. 32, p. 39. 

This large and very handsome species of crane-fly, or “ daddy-long-legs/’ 
may be found occasionally in dense forests in the Wellington and Nelson 
districts. It is very possibly a generally distributed species, but precise 
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records of its distribution are at present lacking. Tbe larva lives and feeds 
in Ae semi-liquid vegetable detritus which accumulates in large quantities 
at the bases of the leaves of the well-known Astelia Solandri, a common 
and very conspicuous epiphytic plant in most pf our untouched native 
forests. The length of the full-grown larva (see. Plate I, fig. 8) is abdht 
Ijin. It is subcylindrical, considerably flattened, with the head ver^^ 
minute, and eleven visible body-segments. Special oval warts armed with 
minute teeth are situated on the upper surface of body-segments 5 to 10 

inclusive, similar larger warts being present on the underside, and this no 

doubt facilitates the insect’s movements between the leaves. The colour 
of the larva is very dark slaty-brown, darker towards the extremities ; the 
posterior end is considerably tapered. 

Apparently only one larva inhabits each space between two sheathing 
leaves, and only those full of the thick brown coffee-like liquid are so 
inhabited. 

The pupa is enclosed in a rather tough, extremely elongate silken tube 
situa/tcd between the sheathing leaves. It rests in an upright position 
in the midst of the semi-liquid mass, breathing, no doubt, being effected 
by means of the remarkable thoracic process. The length of the pupa is 
about in. It is very elongate, with the head and thorax unusually small ; 
there is a large double breathing-process on the top of the thorax, shaped 
somewhat like a bivalve shell. Four of ,the abdominal segments are 
furnished on the dorsal surface with special finely-toothed warts like those 
of the larva, the ventral surface with plain ridges. There is a horny 
cremaster with two recurved hooks and several other smaller processes. 
(See Plate I, fig. 9.) 

The perfect crane-fly appears from November till March. It is probable 
that the larva is feeding during the autumn and winter, and that pupation, 
usually takes place in the spring, although the pupa which was actually 
reared was found in company with feeding larvae early in March. 


Limnophila sinistra. (Plate I, fig. 1. <J.) 

Tipula obscuripennis Huds., Trans. N.Z: Inst., vol. 27, p. 294 ; 
not Limnophila ohscuripennis Skuse, 1890. Limnophila sinistra 
Hutton, Trans. N.Z. Inst., vol. 32, p. 40. 

This very distinct species of crane-fly is fairly common in most dense 
forests throughout the country. 

The larva (Plate I, fig. 3) Inhabits fallen tree-trunks in an advanced 
state of decay, forming burrows between the soft decayed portion and the 
harder part of the wood. It is about 1 in. in len^h, cylindrical, tapering 
towards the head, which is very small and furnished with two minute jaws 
and a pair of very short antennae. There are eleven' visible body-segments. 
The extremity of the last segment is truncate and deeply excavated, the 
concavity being protected by five converging spines, which can be spread 
out or drawn inwards ajb the will of the insect. The orifices of the air-tubes 
are situated in this concavity, that of the alimentary canal being pLaced on 
the underside of the final segment, quite remote from the breathing-apparatus. 
Pedal warts occur on the updersides of all the segments, excepting the 
three immediately following the head and the terminal segfn^ent. 
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The pupa (Plate 1, fig. 2) is about J in. in length, rather stout ; the 
' thoracic breathing-appendages are about one-third the length of the wing- 
cases ; moderately stout and strongly recurved. There are two dorsal 
TOWS of hooks on each exposed abdominal segment, and one ventral row 
n^r the terminal extremity. The cremaster is bifid, strongly recurved, and 
very stout. The head and thorax are dark blackish-brown and highly 
polished ; the abdomen greyish-ochreous, darker in the middle. The 
cremaster and extremities of the hind-leg cases are reddish. The, pupa 
rests in a burrow made by the larva near the surface of the log. 

The perfect crane-fly appears from November till March. It is practi- 
cally invisible when at rest on an old fallen tree-trunk, and it is evident 
that the rather unusual colouring of both the wings and body has been 
specially adapted to harmonize with the insect’s natural surroundings. 


' Family Syrphidae. 

Melanostoma decessum. (Plate I, fig. 6. cf-) 

Melanostoma decessum Hutton, Trans. N,Z. Inst., vol. 33, p. 43. 

TJhe larva of this fly (Plate I, fig. 4), which is one of the so-called 
rat-tailed maggots,” feeds during the early spring in the liquid decay which 
occasionally involves certain portions of the inner bark of the cabbage-tree 
(Cordyline australis), and very possibly inhabits liquid decaying vegetable 
matter generally. When full grown it is about fin. long, of the usual 
maggot type, with a long breathing-tail and two short air-tubes near the 
head. Although apparently very fragile and gelatinous, it is really extremely 
tough. Its body is semi-transparent, and the internal organs are clearly 
•visible. The head is retracted within the second segment ; there are two 
dark patches on each side of the head which may be rudimentary eyes. 
A row of booklets extends along the outer edge of the second segment, 
which assists the larva in progression. It is active in habit, being almost 
constantly on the move. 

The pupa (Plate I, fig. 6) is about ^^g^in. in length; immobile, pear-shaped, 
flattened beneath ; the segmental divisions are very indistinctly indicated. 
There are several obscure tubercles on the anterior portion, and two rows, of 
about six in each, on the flattened ventral portion. The posterior segments 
are strongly curved, and bear at their extremity the breathing-tube proper. 
The pupa rests partially embedded in the dried portion of the decayed 
bark of the cabbage- tree. 

The fly appears in November. 
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Abt. IX . — New l^pidoptera. 

• ' ■ ■ V ; 

By Chables £. Clabke. 

[Rtad before the Otago IneUttUe, 9th December, 1919 ; received by Editor, 3Ut December^ 
1919 ; issued separaidy, 4th June, 1920, 

^ HyDRIOMENIDAB. ' 

Tatosoma tnonoviridisata n. sp. 

cj ?. 31--32 mm. Head and thorax olive-green. Antennae : proximal 
third olive-green, tips brownish. Palpi nearly 3 mm. Abdomen varying 
green above, irrorat^ with dark-brown scales with lateral dorsal tufts of 
brown-gfey hairs at each, segment, especially noticeable on fourth, fifth, 
sixth, and terminal segments. Forewings olive-green, elongate, costa 
rounded, hind-margin obliquely rounded^; several transverse wavy dentate 
darker ^ greenish stripes, convex externally near middle, the most con- 
spicuous being at before and at f ; a series of double dots around 
termen. Hindwings in 9 small, elongate, grey, tinged with greenish termin- 
ally ; an indistinct greenish band at f ; lobe of hindwings in ^ 3 mm. 
long ; all cilia light green. 

The palpi of this species are shorter than in T, Hptflata, but the lobe of 
the hind wing is as small as in tipulata. 

Twelve specimens were beaten from Coriaria on the Waitati Water 
Reserve in October and November, 1918, and three in 1919. 

• 

Micropterygidae. 

Sabatinca lucilia n. sp. 

12 mm. Head, face, and palpi covered with long bronze-brpwn hair. 
Antennae purplish tending to brown at tips. Thorax brown, densely 
covered with long brown hair. Abdomen grey-blackish along sides. Begs 
ochreous tinged with grey-blackish. Forewings ovate-lanceolate, costa bent 
abruptly hear base, arched, apexiess acute than in incongrueUa ; baSal area 
to nearly J ochreous sufiused with ruby banded by abrupt black trans- 
verse line ; an ochreous-grey band slightly suffused with ruby reaching to 
nearly J, widening on dorsum ; a dark fascia bordered blackish-grey, con- 
strict^ both sides at middle and narrowed on anal margin ; at f another 
light-grey band slightly tinged with orange but broken in centre by longi- 
tudinal blackish stripe ; a transverse . blackish - bordered ochreous band,* 
beyond which to apex light grey slightly tinged with orange ; cilia ochreous 
with dark-greyish-brown bars in continuation of the dark markings on the 
wings. Hindwings dark grey suffused with violet, brighter towards apex ; 
cilia dark grey with a few orange hairs. 

My first specimen, rather worn, I took at the electric light at Waitomo 
Hotel on the 25th December, 1916. '^During the second week of January, 
1919, I took* six specimens in good' condition on a sunny moss-covered clay 
bank at Kauri Gully, Auckland, The season was an exceptionally late one, 
and normally the species would probably be at its best quite a month earlier. 


' 2 * 
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Art. X. — Lejyidpptera o] Auckland and the King-country. 

By Charles E. Clarke. 

. [Read before the Otago Institute, 9th December, 1919 : received by Editor. 31fd December, 
1919 : issued separately, 4th June, 1920.] 

During the month of January, 1919, I made a collecting tour along the 
Main Trunk Eailway from Wellington to Auckland, returning -fia Kotorua, 
Tokaanu, and. Waimarino. I collected at various other localities en route — 
Swanson, Wairakei, Waitomo, Raurimu, Erua, Ohakune, Waiouni,. the Hot 
Lakes district, and the lower slopes of Mount Ruapehu from R^ingataua, 
all being included. I had originally intended climbing to the^^ subalpine 
of Mount Ruapehu, but was deterred by stormy weather, which decided 
me to proceed to the Auckland District for a few days in search of a better 
<jlimate. I there experienced good weather and collected at Kauri Gully 
and in the Auckland Domain, and also ascended the Waitakere Ranges 
frona Henderson and Swanson. The best collecting of the trip, however, 
was made on my return journey while camping at Waimarino and Erua 
at an altitude of about* 2,600 ft. From Erua I ascended Mount Hauhaunga- 
tahi by the track, but owing to the cloud-banks enveloping the higher 
country I was able to collect during my visit only" to a height of about 
3,600 ft. 

^ The following list contains only such species as I actually took in good 
condition on my somewhat hurried journey : — 

Vanessa goneriUa Fabr. A few at Kauri Gully. 

Lycaena oxleyi Murray. Very ^common at Auckland and d,f> the foot of the 
Waitakere Ranges. 

Chrysophanus boldenarum White. Very common on the Waimarino Plateau. 
Nyctemera annidata Boisd. Generally common. 

Hdiothis armigera Htibn. Plentiful in Auckland Domain ; also netted at 
Rotorua. 

Euxoa admirationis Guen. Several at Rotorua on Veronica blossom. 

Agrotis ypsilon Rott. At sugar, Waimarino. 

Graphiphora compta Walk. Three netted in the Auckland Domain. 

Leucania sulcdna Fer. Several at Waitakere. 

semivittata Walk., Two specimens at Rangataua. 

phaula Meyr. A few; at sugar on the Mangaehuehu Stream, near 

• Rangataua. 

Aletia moderata Walk. One at Waitomo. 

unipuncta Sew. Several in the Auckland Domain. 

Dipaustica epiastra Meyr, One at Waimarino and one at Rangataua. 
Persectania di^ungens Walk. Some fine specimens were taken at Waimarino. 
— steropastis Meyr. Two at sugar on the Mangaehuehu Stream. 

composita Guen. Several at Auckland. 

atristriga Walk. Common at Auckland and Rotorua. 

Erana graminosa Walk. Two only at Waimarino. 

Melan^ra exqudsita Philp. One very fine specimen taken at the electric 
light of Waitomo Hotel. 

- — phna Walk. A few at Waimarino. 
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These four species were generally^ommon. 


A few of each of these were taken at sugar on the 
Mangaehuehu Stream. 

An exceptionally dark form was common at Botorua. 
Two fine specimens were taken at the electric light 


Common at Waimarino and Erua, but in rather 


Mdanchra Huds. ) A few of each of these at sugar on the Manga- 
- diameta Walk. I ehuehn Stream. 

mutam Walk. 

ustistriga Walk. [ 

insignia Huds, 

morosa Butl. ' 

rubescens Butl. 

phricias Meyr. 

- ^ — dotata Walk. 

Ariathisa comma Walk. 

Coamodes elegana Don. 
at Waitomo. 

Hypenodes antidina Meyr. 
worn condition. 

Plusia chaldtea Esp. Several fine specimens taken in the Auckland Domain. 
Rhapsa scotoaialia Walk. Common in most localities. 

Tatoaoma topia PhUp. At Waimarino some very fine specimens were netted. 

timora Meyr. Common at Waimarino. 

Elvia ghmcata Walk. Waimarino ; fairly common. 

Venuaia verriculcda Feld. Common at Auckland and Waitakero, 

undoaata Feld. Common at Waimarino. 

SeUdosema jjelurgata Walk. A few at Waitakere and Waimarino. 

monacha Huds. Some fine specimens of both sexes netted at Wai- 
marino. 

feneraia Feld. A few at Kauri Gidly. 

a/riatarcha Meyr. Two only at Waitakere. 

prodv^tata Walk. ) Both these species common at Auckland and Wai- 

dejectaria Walk. ) marino. 

Chlorodystia semialhata Walk. Common at Waitakere. 

lichenodes Purd. A few at Raurimu and Waimarino. 

nereis Meyr. A few at Rangataua and Waimarin.0. 

n. sp. A very fine unknown species was taken at Waimarino. 

Eucymatoge gobiala Feld. Common at Auckland and Waimarino. 

anguligera Butl. Very common at Kauri GXilly. ^ 

Hydriomena deltoidaia Walk. Some very fine va!rieties obtained at Raurimu. 

•rixaia Feld. Ohakune and Waimarino ; common. 

^ hemizona Meyr. Very common at Waimarino. 

similata Walk. Waimarino and Erua. 

calltbMora Butl. A few worn specimens at Waimarino. 

pufpurifera Fer. Common at Waimarino, but rather worn. 

snbochraria Doubl. Common at Waitomo and Ohakune. 

Aathena achistaria Walk. Waitakere, Rotorua, Wairakei ; common. 

pvlchraria Doubl. Common at Kauri Gully. 

Euchoeca ruhropunctaria Doubl.^ Common at Auckland and Waimarino. 
Leptomeria ruhraria Doubl. Veiy common at Auckland and Waitakere on 
the roadsides. 

Aaapkodea m^aapilata Walk. Common at Waimarino. 

Xanthorhoe clarata Walk, A few at Waimarino. 

ol^rala Feld. Common at Waimarino and Erua. 

chofica Meyr. A few very fine specimens taken at Waimarino. 

Umonodea Meyr. A few at Waimarino and Erua. 

® prctefectata Walk. Some beautiful pure-white specimens taken at 

Waimarino. 
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fji^nthorhoe aegrota Butl. One at Kauri Gully. 

luddcUa Walk. Not uncommon in the Auckland Domain. 

chlamydota Meyr. Tokaanu ; one fine specimen. 

semisigndta W^lk. Tommon at Swanson, Waimarino, and Brua. 

cinerearia Doubl. Common at Auckland, Waimarino, and Tokaanu. 

semifissaiaVS'aXk, A few at Waimarino. 

Notoreas perorn^ Walk.jg^^j^ species common on the Waimarino Plateau. 
mlcamca Meyr. ) ^ 

Samaria falcatella Walk. Four s^cimens i^etted at Henderson and Swanson, 
at'the foot of the Waitakere Ranges. 

Adeixis indstentata Walk. This species was very common at Waimarino 
and on the Mangaehuehu Stream. 

EpirrarUhis kemipteraria Guen. ) These two species occurred sparingly at 

- r- alectoraria Vf alk. ) Kauri Gully and Waimarino. 

Gargaphania muriferata Walk. Common at Waitakere and Ohakune. 

Sestra jlexata Walk. A few at Waimarino. 

— humeraria Walk. Common at Kauri Gully. 

Azdina ophiopa Meyr. Common at Waitakere and Raurimu. 

fortinata Guen. Very common at Waimarino and Erua. 

nelsonana Feld. Common at Waimarino and Wairakei. 

Declana atronivea Walk. Common at Waitomo and Waimarino. 

— floccosa Walk Common at Auckland, Waimarino, and Ohakune. 
Eutythecta eremana Meyr. Common at Tokaanu. 

ioadas Meyr. Four fine specimens were taken at Waimarino. 

Catamacta gavisana Walk. Common at Auckland and Waitomo. 

Capita semiferana Walk. Common at Auckland and Wairekei. 

pUnthoglypta Meyr. ' Two only at Ohakune. » 

plagiaf^na Walk, Common at Wairakei, Auckland, Waitomo, and 

Tokaanu. ^ 

Tortrix leucaniana Walk. A few at Ohakune. 

charactam Meyr, Common at Rangataua and Ohakune. 

iigris Philp. One fine specimen at Swanson. 

^ molybditis Meyr. Several at Waimarino. 

postmttana Walk. This species was very common in the Auckland 

Domain. 

torogramma Meyr. One only at Kauri Gully. 

' excessana Walk. Common at Auckland. 

orthocopa Meyr. A few of this fine species at Waimarino and Swanson. 

EpcAxiphora axervana Meyr. Common at Auckland, Ohakune, Wairakei ; 

several varieties taken. \ 

Oienopseustis obliquana Walk, Very common in various localities. 

CmphcLsia jctctatana Walk. Common at Auckland and Rangataua. 

: incessarta Walk. Common at Kauri Gully, Waimarino, and Raurinau. 

imbrifemna Meyr. Common at Kauri Gully. 

Spihnota zopherana Meyr. ) Both these species common at Auckland and 

ejectana Walk. ) Wairakei among manuka scrub. 

Eucosma querula Me)rr. Very common in the Auckland Domain. 

Bactra noteraula Wals. Some very large examples were taken at Taupo. 
IsonomeiUis amauropa Meyr. A few at Waimarino and Erua. 

Laspeyresia pomondla Linn. One taken on a fruit-shop window in Rototua. 
Grooydopora cinigereUa Walk. A good series of this species was ^taken on 
the shingly beach of Lake Taupo. ' 

Argyria stxophaea Meyr. Common at the aide of the railway-line at 
, Raurimu ; also taken at Whakarewarewa.^ 
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Gadira acerella Walk, Kauri Gully and Tokaanu. ? 

IMpychophora rnetalUfera Several at Waimarino. 

harmonica Meyr. Common at Kauri XJuUy and Waimarino. 

— — chrysochyta Meyr. Common at Kauri GhiUy. 

elaina Meyr. Very common at Ohakune and Waimarino. 

auriscripteUa Walk. Common at iCauri Gully, Ohakune, and Waimarino. 

epiphaea Meyr. Two only at Waimarino. 

selenaea Meyr. Common at Kauri Gully and Ohakune. 

pyrsophanes Meyr. Waimarino ; a few specimens larger than usual. 

leucoxantha Meyr., Very common at Waimarino and Erua. 

Crambus vitellits^DouhL Common at Rangataua and Swanson. 

ramosellus Doilbl. A few at Raurimu. 

heliotes Meyr. Very common at Waimarino. 

apiceUus Zell. Common at Waimarino. 

siriellm Meyr. Common at Waimarino and Rangataua. 

Scoparia minusc'oUdis Walk. Common at Auckland and Waimarino. 

— r- minualis Walk. .Common at Waimarino. 

dinodes Meyr. A few at Raurimu. 

pangalis Feld. Several in the Auckland Domain. 

— ~ ihyridias Meyr. Very common at Waimarino. 

epicomia Meyr. A few at the Mangaehuehu Stream. 

Uucogramma Meyr. Two at Waimarino. 

submargi^ialis Walk. Commonest at Ohakime. 

asterisca. Meyr. One at Raurimu. 

feredayi Knaggs. A few at Waimarino. 

choristis Meyr. Two at Waimarino. 

— — indistincialis Walk. Common at Tokaanu and Wairakei. 

illota Philp. Two at Waimarino. 

trivirgata Feld. A few at Waimarino. 

aspidota Meyr. Fairly common at Raurimu and Waimarino. 

hemiplaca Meyr. Two at Waimarino and two at Raurimu. 

petrina Meyr. A few at Ohakune and Waitakere. 

^harpalea Meyr. A few at Ohakune and Waimarino. ^ 

— philerga Meyr. Common at Auckland. 

periphanes Meyr. Waitakere, Auckland, and Waimarino ; common. 

Besides the above species of Scoparia an unknown species 
was taken at Auckland Domain and another at Tokaanu. * 

Mecyna fiavidalis Doubl. A very dark variety was common at Tokaanu 
and Waimarino. , 

daiclealis Walk. One at Waimarino and one at Waitakere. 

Proternia philocapna Meyr. Common in Auckland Domain. 

Scdiodes cOrdalis Doubl. Common at electric light, Waitomo. 

Clepsicosma iridia Meyr. Common at Waitakere and Waimarino. 

Pyralis farinalis Linn. One only in a Rotorua store. 

J)iasemia grammcdis Doubl. Several at Okere Falls, Taupo, and Waimarino. 
Platyptilia aeohdes Meyr. Common at Auckland, Taupo, Swanson, and 
Waimarino. 

monospUdlis Walk. Common in Auckland Domain. 

Aristotelia paradesma Meyr. A few at Kauri Gully and Au^land. 

Gelechia monophragma Meyr. Common at Waimarino and Erua. 

Uieroxestis cnmscopalAffYT, Common in Auckland Domain. * 

— hapaimacha Meyr. Common at Kauri Gully and Waimarino, attached 
to Cordyline indivisa. 
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I^yroderces apparitella Walk. Common in Auckland Domain. 
Schiffermuelleria orthopanes Meyr, Several jaA Waimarino. 

Compsistis hifaciella Walk. Common at Kauri Gully, Raurimu, and Wai- 
marino. 

Elachista gerasmia Meyr. A few in Auckland Domain. 

archaeonoma Meyr. Common at Waimarino, Auckland, and Waitakere. 

St(Uhimpoda caminoraMejr. A few at. Auckland. 

shelloni Butl. Common at Auckland and Waimarino. 

Endrosis lacteela SchifE. Common everywhere in the neighbourhood of houees. 
Izatha epiphanes Meyr. Two only, at light, Waitomo. 

austera Mejnr. Common at Kauri Gully. * 

attactella Walk. One formd drowned in a water-butt on Ohakune 

Eailway-station. 

. peroneanella Walk. Auckland, Wairakei, and Waimarino. The Wai- 

rakei specimens taken among the hot springs had faded to a 
blackish-brown shade by the action of the sulphurous vapours. 

- — picarella Walk. A few at Waitakere. " 

huUoni Butl. One only at Raurimu. 

balanophora Meyr. One at Waitomo. 

copm.s‘eZla Walk. Several at Waimarino and* Raurimu; one parti- 
cularly large specimen has a wing-expanse of 40 mm. 

Gymnohathra hyetodes Meyr. A fine specimen at Swanson. 

tholodella Meyr. A few at Raurimu and Waimarino. 

flavidella Walk. Common at Kauri Gully and Okere Falls. 

— « — omphalota Meyr. Common at Ohakune and Rangataua. 

thetodes Meyr. Two only, at light, Waitomo. 

Borkhaiisenia crotala Meyr.] 

armigerella Walk. -Common at Auckland and Waimarino. 

innotdla Walk. 

chrysogramma}ll^yr. Several taken at Waimarino. Much more bright 

than southern specimens. 

hoplodesma Meyr. Kauri Gully; one only. 

hasella Walk. Several at Rangataua. 

— — pseudospretella Stain t. Common at Auckland, Waimarino, Tokaanu, 
and Ohakune. 

Several undetermined species were also taken. 
frachypepla levcoplaneiis Meyr. A ^e series at Waimarino. 

laikriopa Meyr. Common at Waimarino and Raurimu. 

galaxias Meyr. A few at Raurimu and Waimarino. 

protochlora Meyr. Several at Waimarino. 

aspidephora Meyr. Several at Kauri Gully. 

euryUucota Meyr. One large specimen at Raurimu. 

corUritella Walk. Common at Waimarino. 

anastrella Mejrr. A few at Raurimu. 

Ba/rea dinocosma Meyr. Two at Raurimu. 

Proteodes profunda Meyr. A few at Raurimu. 

Gryptolechia liochroa Meyr. Some fine specimens at Waimarino and Erua. 
Eutoma co/ryochroa Meyr. A few at Waimarino. 
yanicda disjunctella Walk. Two only at Kauri Gully. 

Thylacosceles aoridomin^ Meyr. Common at Knuri Gully. 

Glyphipt&ryx^ ox^machaera Meyr. Common at Waimarino. 

erastis Meyr. A few at Waimarino. 

leptosema Meyr. A few at Waimarino. 
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Glyphipteryx zehta Meyr. . A good series, at Kauri Gully. , , * 

— — transversella Vf&&:, Very common at Waimarino. 

(xchlyoessa Meyr* Common at Waim'arino. 

r: dstpronota TAejr, A few at Kauri Gully. /a 

Pantosperim^holoch 4 Ji^ Meyr. A few on rushes at Tokaanu. 

Voridcmorpha steUaMeyi. Oiie at Raurimu. 

Simaethis combinatam Walk. One at Waimarino and one at Ohakune. 

microUtha ^eyr. One only at Waitakere. 

Acroi^rcops cyanospila Meyr. Two only at Taupo. 

Batrachedra psithrya Meyr. A few at Kauri Gully. 

Parectopa aellomacha Meyr. A few at Kauri GuUy and the Auckland Domam, 
Grmildria chalcodelta Meyr. Fairly common at Waimarino i^nd Rauximu. 

chrysitis Feld. Three specimens of this beautiful moth at Kauri Gully. 

— — linearis Butl. Common, especially at Waimarino. 

Dolichernis chloroleuca Meyr. Common at Raurimu and Waimarino. 
Protosynaema steropvcha Meyr. Ona only at Rangitoto Island, Auckland 
Harbo 4 ir. ' . ^ 

Orthenches porphyritis Meyr. Kauri Gully and Waimarino ; common. 

drosochalca Meyr. One only at Kauri Gully. 

— chlorocomd Meyr. A few in Auckland Domain. 

glyptarcha Meyr. One only of this fine species at Waimarino. 

Circoxena ditrocha Meyr. Two of this moth ut Kauri Gully. 

Eschatotypa melickrysa Meyr. Auckland and Waimarino ; common. 
Erechthias exospila Meyr. Two only at Kauri Gully. 

— - heipiclistra Meyr. Common at Waimarino, attached to ,Cordyline 

indivisa, 

Hectacma chasmatias Meyr. ' Two‘ taken in Auckland Domain. 

— stilbella Newm. Common in Auckland Domain. 

Crypsitricha mesotypa Meyr, Common at Kauri Gully and Waimarino. 

— roseata Meyr. A few at Waimarino. 

Habrophila compseula Meyr. A few at Kauri Gully. 

Evdophthora oniogrammcu Meyr. Common nn Auckland Domain. 

ThaUostoma eurygraplia Meyr. One only at Raurimu. 

Sagephora exsanguis Philp. One or two in Auckland Domain. 

Lysiphrdgma epixyla Meyr. A few at Waimarino. 

Mallobathra crataea Meyr. Common at Waimarino. 

Proihinodes grammocosma Meyr. Common at Kauri Gully and Waimarino, 
\ attached to Cordyline indivisa, 

Porina umbraculata Gn. Common at Ohakune. 

IP ehysii Butl, Three fine specimens at Waimarino. 

Mnesarchaea loxoscia Meyr. Common at Raurimu. 

Sabatinca calliarcha Meyr. One only at Kauri Gully. 

ineongruella Walk. Very common at Ohakune, Erua, and Waimarino. 

doroxena Meyr.. Several at Waimarino. 

lucilia n. sp. A few at Kauri Gully and one at Waitomo. 

Hepiaiis virescens Doubl. A few in Auckland Domain and one at Wai- 
marinov 
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Caradrinidae, 

Agrotis spina G^en., Noel,, vol. 1, p. 269; Hamps., Cat, Lep, PW.,'vol. 4, 
p. 367. 

This well-known Australian moth should be added to the list of New 
Zealand Lepidoptera. Dr. A. Jefferis Turner, of Brisbane, has ' kindly 
supplied me with examples, and these show that^^p^na has been hitherto 
overlooked by New Zealand lepidopterists, having been treated as a form of 
A. ypsilon. The males of the Australian examples which I have are more 
bchreous than New Zealand specimens, but the females are of almost 
exactly the same tint. The chief difference between the species is to 
be found in the form of the subterminal line : in ;ypsi^on'^this is strongly 
dentate, whilst in spina it is only slightly irregular. In spina also the 
orbicular and reniform are connected by a prominent blackish' bar, this. 
being absent in ypsildn. These distinctions, however, apply best to the 
males, the females of the species being very difficult to separate. 

From Dr. Turner I learn that Agrotis spina is found throughout 
Australia,, and is in some seasons extraordinarily abundant. 

Aletia panda n. sp. 

(J, 33 mm. ; $, 36 mm. Head and palpi grey, in cJ tinged with ochreous. 
Antennae in strongly bip’ectinated. Thorax grey, with dark bar on 
collar, crests absent. Abdomen grepsh-ochreous. Legs greyish-ochreous, 
anterior tarsi blackish annulated with ochreous. Fore wings, costa almost 
straight, apex rounded, termen oblique, evenly rounded ; bluish -grey, 
tinged with ochreous, in $ mixed with blackish-fuscous ; a black dot on 
costa at base, margined broadly* with whitish ; first line faintly indicated, 
irregularly dentate, fuscous, margined anteriorly with whitish ; second 
line from | costa to f dorsum, deeply and widely indented on upper 
half, irregularly dentate on lower half, blackish ; a thin dentate fuscous pre- 
subterminal line, curving beneath renifprm and closely approaching second 
line, thence running parallel with it to dorsum, apex of teeth margined 
with white ; subterminal line obscure, margined anteriorly, in cj narrowly, 
in ? broadly, with fuscous ; a series of fuscous dots round termen ; orbicular 
circular, pale, interruptedly margined Ajoith fuscous ; claviform directly henecM 
orbicular, circular, half as large as, and similar in colouring to, orbicular ; 
reniform pale, fairUly fuscous-niargined : cilia ochreous with basal and 
post-median fuscous lines. Hindwings in cj ochreous-fuscous, in ? fuscous : 
cilia ochreous, in $ with obscure fuscous line. 

Very close to A. cuneata Philp. in appearance, but differing in the 
pectinated antennae and the pale-centred stigmata. In the structure of 
the antennae and palpi the new form comes nearer to A, temenaula Meyr, 
I have placed the species in Aletia owing to its obvious relationship to the 
cuneata-temenaula group, but the arrangement of species at present adopted 
for our New Zealand forms in this genus and Leucania seems to me to stand 
in need of revision. v 

A single pair is all the material at present available, ’^he male was 
taken by Mr. G. V. Hudson on Mount Barnslaw in January, 1914, and the 
female was captured by myself at Eoutebum in December, 1918. The 
types remain in the collections of their respective discovereta* 



MeUuichra inchoata n. sp. 

33xnm. Hea^, palpi, and thoxax^reyish-ochreous sprinkled with 
fuscous. Thorax in both sexes with rather prominent ailterior crest. 
Antennae in J ciliated, ciliations Abdomen in both sexes with th^ jSriit 
four or five segments prominently crested. Legs ochreous, tarsi anniilaMd 
with fuscous. Forewings, costa almost straight, apex subacute, termen 
crenate, oblique bejow middle ; ochreous clouded with fUscoUs, in ? darker; 
a small pale apical patch ; a series of four or five paired fuscous dots on 
costa ; all lines except subterminal very obscUre ; basal evenly curved, 
serrate, fuscous ; first and • second almost obsolete, apparently double, 
fuscous; a presubterminal thin serrate dark line faintly indicated; sub- 
terminal conspicuous^' unindented, equidistant with termen, white ; terminal 
crenations edged with black ; stigmata unusually closely grouped ; orbicular 
rounded, whitish, dark-centred ; claviform small, dark fuscous ; reniform 
dark fuscous, obscurely white-ringed : cilia ochreous, basally mixed with 
fuscous. Hindwings dark fuscous : cilia ochreous with dark-fuscous sub- 
basal line. Underwings ochreous thickly irrorated with fuscous, clear 
ochreous along costa and round termen of forewings ; lunules and second 
lines of both wings fuscous. 

Belongs to the coeleno-lenis group, but is easily distinguished by the 
form of the subteiminal line. 

Stephen Island. Collected by Mr. H. Hamilton 6n the 9th September, 
1916. I am indebted to Dr. J. A. Thomson, Director of the Dominion 
Museum, for the opportunity of descril^ing this interesting species. Types, 
and $, in coll. Dominion Museum. 

. . T • Sphinoidae. 

Choerocampa celerio Linn. 

In the Transactions of the New Zealand Institute, vol. 37, p. 369, Hudson 
records the first captures of this species in New Zealand, four examples 
having been taken in the summer of 1903-4. To this record I am able 
to add that of a specimen taken at Te Tua, near the southern coast of the 
South Island. The moth was taken by a resident of the district and 
forwarded to the Southland Museum, in the collection of which institution 
it remains. It is in fine condition, so fresh as to cast considerable doubt 
on the possibility of its having been wind-driven across a wide expanse of 
ocean. • 

^ „ Pyraustidab. 

Scopana pascoella n. sp. 

<J 9. 15-18 mm. Head and palpi ferruginous-brown, palpi ochreous 
beneath. Antennal ciUations J. Thorax ferruginous-brown mixed with 
white. Abdomen fuscous-grey. Legs ochreous-grey mixed with fuscous, 
tarsi obscurely banded with fuscous. Forewings moderate, triangular, 
costa almost straight, apex round-pointed, termen hardly rounded, oblique ; 
ferruginous-brown mingled with some fuscous and much sufiused with 
white ; first line hardly curved, imindented, .white, ' broadly nftkrgined 
with ferruginous posteriorly ; orbicular and claviform dot-like, blackish, 
partially obscured by ferruginous suffusion ; reniform X-shaped, blackish, 
frequently obscure ; second line irregutarhj bent but not deeply indented, 
narrow, paraUd to termen, white, narrowly margined with ferruginous 
anteriorly ; subterminal line obscure, interrupted at middle, widely remote 
from second line, white: cilia ochrepus-grey. Hindwings grey- fuscous, 
naler anteriorlv : cilia ochreous-ffrev with fuscous basal line. ‘ 
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Near S, organaea Meyr., but the forewings are much narrower at the 
base and the costa is straighter ; the second line of the two forms is quite 
difierent both in colour and form. In some examples the white suffusion 
is very pronounced and the markings are more or less obsolete. 

1 took a good series on Tooth Peaks, Wakatipu, at an elevation of 
about 3,000 ft., in December. The species was abundant on the moist 
ground near a. little stream. The specific name is intended as a tribute 
to the memory of the late Quartermaster Merlin Owen Pascoe, who fell 
at La Newaille, France, a few months before the conclusion of the war. 
Quartermaster Pascoe did a great deal of entomological work in the ' 
Wakatipu district, and was the first entomologist to collect on Tooth Peaks. 

Pyralibidae. 

Endotricha pyrosalis Guen., Lep,, vol. 8, p. 219. 

Among some moths sent to me several years ago by Mr. H. Hamilton 
was a single example of this species, labelled “ Mt. Dennan (Tararua ^ 
Mountains), February, 1911.” 1 was not at the time able to identify the 
specimen, and as it was not in very good condition it was set aside in the 
hope of obtaining further material. Having now, through the kindness 
of Dr. Jefferis Turner, procured#good examples of pyrosahs from Australia, 

I am able to make the above record. The species has a wing-expanse of 
about 20 mm. The forewings are rather bright yellow, densely sprinkled 
with pink, especially on the apical f. The hindwings are also bright yellow, 
and have the termen broadly margined with pink. The patagial tufts are 
mudh elongated, reaching more than half-way to the tomus of the hindwing. 

I learn from Mr. H. Hamilton that this interesting (japture could not 
have been made by him, as ho did not visit Mount Dennan on the date 
recorded. He suggests that the moth was probably taken by his father, 
th«!|ate Augustus Hamilton. 


Orthenches virgata n. sp. 


Plutellidae. 


^ 10 mm. Head, palpi, and thorax ochreous. Antennae ochreous 
on basal fifth, annulated with white and black on remaining portion. 
Abdomen greyish- white. Legs, anterior pairs fuscous, tarsi obscurely annu- 
lated with ochreous, posterior pair ochrcous-whitish. Screwings moderate, 
costa strongly arched, apex round-pointed, termen moderately oblique ; 
bright ochreous with violet and purplish reflections ; a brownish fascia from 
beneath' costa near base to dorsum at J ; a Wl-defined fascia from costa 
at J to dorsum at slightly irregular, brownish mixed with black ; a similar 
fascia from costa at ?, strongly angled above middle towards termen, 
thence to dorsum at f , where it coalesces with inwardly-oblique fascia from 
costa at I, both these fasciae having black patches at middle ; a white patch 
margining last fascia at middle ; a few black scales on central portion 
of dorsum : cilia ochreous, becoming fuscous round apex. Hindwings and 
cilia shining white. 

A well-marked species, having little afl&nity with any other member* of 
the genus. 

The type of this interesting species was taken at Auckland on the 
2nd October, 1918, by Dr. A. Jefteris Turner, of Queensland, to whose 
generosity I am indebted for the specimen. Mr. Charles B. Clarke was 
fortunate enough to secure a second example at Waitati, Otago, in 
February, 1919, so that the species, though apparently rare, must be widely 
distributed. 





Abt. XIL — The Southern Maorir md Greendone. 

By H. Beattie. 

Communicated by H. D. Skinner. : ' 

[Bead before the Otago Institute, 9th December, 1919 ; received by Editor, 3 Jet December^ 
1919: issued separately, 4ih June, 1920.] 

While I was gathering place-names from the southern Maori they gave 
me a little information about greenstone which may be worth recoiding 
in print. Although greenstone is not the technical name of this stone^ 
it is the popular one, and I shall adhere to it. ^ 

In, his admirable paper in Trans. N.Z. Inst, vol. 24, pp. 479-b39, 
Mr. Justice Chapman states that nowhere did the Maori get greenstone in 
an inland locality, and thus he considers Shortland’s statement that it was 
procured at “ Lake Wakatipua ” is erroneous. The southern Maori assure 
me that Shortland’s information was correct, and that you can still see 
the place where the pounamu was got at Te Koroka, a mountain up the 
Dart Eiver. One old man said, Pounamu of the inaJca kind was found 
at Te Koroka, at the head of Whakatipu. It Was the only place where it 
was got inland. Takiwai greenstone was found at Milford and elsewhere.” 
Another said, “ Te Koroka, where they got the greenstone, is north of 
Wakatipu. Taumaro is the name of the mountains between Wakatipur 
wai-tai and Wakatipu-wai-maori, and Te Koroka is one of those heights.” 

Some of the Maori say “ Wakatipu ” and others “ Whakatipu.” It 
was explained to me that the word occurs in five .place-names. The 
mountains west of the lake are called Whakatipu, and the lake is known 
as Whakatipu-wai-maori (Fresh-water Whakatipu). The Dart River is 
Te-awa- Whakatipu, the Hollyford River is Whakatipu-katuku, and Lake 
McKerrow is Whakatipu- wai-tai (Salt-water Whakatipu). These last three 
are all on the track by which the Maori went from the head Of Lake 
Wakatipu to Martin’s Bay, on the west coast. 

One old Maori said, “ Under Te Koroka is a place now called Maori 
Hill, I believe, but known of old as Puketai, after a chief of note who died 
there. Near this spot stood a kaika called Puia, and there the Maori lived 
when getting the greenstone. The general name of the whole district 
north of Lake Wakatipu was Te-wahi-pounamu.” This last statement con- 
flicts with Mr. Justice Chapman’s conclusion (p. 522) that Te-wai-pounamu 
is the correct form of the name, although the;re is nothing to prevent 
the latter form having beeif applied to the rivers on the west coast. 
A chapter 6ould be written on the elision or addition of ” h ” in the 
southern dialectal usages ; and in any case — ^again to differ from the con- 
clusions of Mr. Justice Chapman — the pronunciations of “ wai ” and ” wahi ” 
by a southern Maori are often so alike as to be indistinguishable save' to an 
acute or trained ear. * 

Before leaving the subject of greenstone in the Wakatipu distrigt 
I may add that Mr. James Cowan kindly lent me some notes he h^ 
gathered from the southern Maori in 1905, and among them are the 
following items of information : “ Beyond the head of M^katipu on the 
road to Martin’s Bay, somewhere near Lake Harris Saddle, is the place 
where the Maori used to get koko-tangiwaif^ “Te Koroka is a. bold peak 
at the head of Lake Whakatipu, and the Maori got a sort of coarse green- 
stone there.” 



• Tramatiiom. ■ 

An old Maori said to me, Pekerakitahi is a mountain standing by 
itself at the head of Wakatipu (Mount Earnslaw). “ There is greenstone 
in it, because Te Ariki, who lived seven generations ago, took some 
'p(ymamu from Te Koroka and hid it in Pekerakitahi, where it went like 
the skin of a ttwicera. If you break the rock you will find the greenstone 
inside. A mbuntain and creek both called Pekerakitahi are at ike head 
of Lake Wanaka, but ft is the Wakatipu mountain I mean.^* 

In regard to how long the Maori have known greenstone, I was told 
that Kahue (Ngahue), who visited New Zealand thirty-nine generations 
ago, took some back to Hawaiki with him. One piece Kahue split into 
three axe-heads—one for himself, called Kapakitua ; one for Kupe, named 
Tauira-a-pa ; and one for Rata, called Te-papa-ariari. Rata sharpened 
his axe-head, attached a handle, and named it Aumapu. With this axe 
he cut down the famous tree which the “ little folk ’’ of the forest erected 
again, as in the oft-repeated story. 

Another story has it that Tamatea-pokai-whenua, twenty-two genera- 
tions ago, sailed round the South Island in search of his missing wives. 
Unaware that they had been wrecked off the Arahura River and turned 
into greenstone, Tamatea landed there, and his slave in cooking some 
koka birds burnt his fingers, which he licked. This was a violation of 
topw, and the slave, Tumuaki, was turned into the mountain since known 
by his name, whilst Tamatea never found his wives, their petrified bodies 
furnishing the greenstone, some of which has a flaw known as t%iii4xe-koka^ 
or the dung of the birds Tumuaki was cooking when he committed his ^ 
thoughtless act. Mr. Justice Chapman says (p. 518), “ I am unable to obtain 
a satisfactory meaning for kohx, Mr. Tregear suggests koko (the tui), 
which seems probable.” The bird was the orange-wattled crow (Glaucojns 
cinerea)y whose name throughout the South is koka^ although its conjrhre 
in the North Island (Glaucopis wilsoni) is there called kokako. 

An old Maori, usually well informed, gave me a peculiar version of this 
tradition. He said, “ I think that story about Tamatea and his three 
runaway wives is false. Tama-taku-ariki, often called Tama, went to 
Arahura in search of greenstone, which was then in human shape. He 
killed one, and was cooking it in an umu, when his companion burnt his 
.finger and put in in his mouth. In consequence of this act the greenstone 
disappeared and they came away disappointed.” 

Mr. James Cowan writes, ‘‘The wives of Tama-ki-te-Rangi (captain of 
the Tairea canoe) deserted him, and he searched for them from Cook Strait 
to Piopiotahi (Milford Spund). The flax-like kiekie (Freycinetia Banksii), 
which firinges the fiord for miles, sprang, according to legend, from the 
shreds of Tama’s shoulder-mat, tom off in his forest travels. , Here he 
found one of his wives, but she had turned into greenstone, and as Tama 
wept over her his tears penetrated the very rock. This is why the nephrite 
found on the slopes of Mitre Peak, close to Anita Bhy, is called tangi-wai 
•(the water of weeping, or tear-water). If you take a clear piece of this 
stone and hold it up to the light you will sometimes see marks like 
water-drops in it. This is the true Hingi-tmi, for these are the tears of 
Tama-ki-te-Rangi.” 

Whoever the chief was who pursued his fugitive wives, it is fairly certain 
it was not the captain of the Takitimu cAnoe, who bore at various times 
in his own proper person the names Tamatea-ariki-nui, Tamatea-mai- 
Tawhiti, Tamatea-ure-kotia, Tamatea-muriwhenua, and Tamatea-pokai- 
whenua. This illustrious chief resided for some time in southern New 
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Zealand, and at' least three places near Diisi^ ^nnd pe^etuate the 
Dqemory of his voyage of exploration in that vicinity, but hi% name and 
fame have never, that I know of, been associated with greenstone, 

Mr. Cowan has given a tradition accounting for the name tar^gi-i^^iy 
but the Memoirs of the Polynesian Society, vol. 4, page 138, say the name 
was bestowed on one kind of jadeite because of the t^rs of Hine*ahu over 
the death of Tuhua, whom her jealous husband, Tama-ahua, killed, 
Tama-ahua, twenty-nine generations ago, led a party to get /pounarnu at 
Arahura, and not, only was tangi-ukii named then, but two other kinds of 
jadeite were nained also — kahurangi and kawakawa ; while through a fire 
that occurred^ the kdhotea kind of pounamu was burnt, which accounts for 
its peculiar marking. 

The same authority states that Kupe, thirty-nine generations ago, 
was the first to discover the jadeite, or pounamu. The locality was the 
Arahura River. The river at the time was swarming with whitebait 
(inanga), which the party proceeded to catch. Kupe’s daughter picked a 
stone out of the river to act as a sinker to the net, and the one she seized 
was different from any they had seen before, and so it was called inanga, 
this remaining to the present day the name of this valued kind of pounamu. 

I have a note as follows : “ Piopiotahi was a canoe which came from 
Hawaiki. Kahotea was the captain and Tangiwai one of the crew, and 
two kinds of greenstone now bear these namfes.’’ 

The conflicting evidence regarding the discovery and naming of the 
various kinds of pounamu occurs because the accounts are gleaned from 
different tribes, who each have an explanation based on ancestral lore, 
although it must be admitted that all the traditions are not of equal 
probability and merit. 

The first settlement of people of Maori blood in the South Island of 
which we possess reliable information is that under Rakaihautu, a chief 
who flourished forty-two generations ago. His people were called Waitaha, 
and their descendants were numerous in the Sduth Island when the last 
and principal influx of Maoris occurred, twenty-two generations ago. This 
Waitaha people used weapons of bone and wood, and the late Tare-te- 
Maiharoa said of them, “ They did not know greenstone, but used a glassy 
stone known as takiwaiy Takiwai is the southern pronunciation of tangi’> 
wai, said to be the most transparent variety of jade and to come from 
Milford Sound, so that apparently my informant did not class it as a 
proper greenstone, which, of course, is scientifically correct. 

Pounamu was classed with fish, according to Dr. Shortland, and there 
are numerous legends in this connection dutside the scope of this paper, 
but the only reference I have to the Rapuwai people knowing any form 
of greenstone has a distinctly piscatorial aspect. A siib-tribe of Rapuwai 
known as Kati-Koko, said my informant, went round to Milford Sound, 
and, finding a huge piece of greenstone in the sea, set out to drive it round 
to Foveaux Strait. Three canoes followed it — one on each side and one 
behind, and yet it nearly escaped several times. They almost gptjt. 
ashore at Oraka (near Riverton), but 'it dodged on till it settled where 
it is, and it now forms Motupiu (Dog Island, near Bluff). My informant 
added that if you went down into the ihterior of that island you would 
find it hollow and supported on three legs, or columns, of greenstone. 

When the Kati-Mamoe Tribe were pushed out of the North Island some 
time after the arrival of the six canoes, twenty-two generations ago, they 
spread southward and intermarried with the Waitaha and Rs.puwai Tribes 
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TrcmBactions. 

One of my informants, a descendant of these tribes, said to me, “ There 
are four lands of greenstone, but the Kati-Mamoe nevei* used them. The 
North Island people did not make trips for greenstone as early as they 
say, for the first expedition to get it went from Kaiapohia and fpught the 
Patea people in Westland. The people of Raumano who settled on the 
West Coast had greenstone before either the Kati-Mamoe or K^,i-Tahu Tribes 
came to this island/’ 

A Maori of Kati-Mamoe descent says, “ The Kati-MamoS remained 
on the east and south sides of the South Island, and had no greenstone 
weapons until the Kai-Tahu brought these among them. In some of the 
old encampments at Kawhakaputaputa and elsewhere in Murihiku you 
can find the uri^ or slatestone axes, and parahi, or flint knives, of the old 
people of the Kati-Mamoe before they used greenstone.” 

Greenstone was brought under the notice of the Kai-Tahu Tribe in 
Canterbury by a woman named Raureka, who, accompanied by her dog, 
found a way through the dividing range between Westland and Canterbury. 
Both Stack and Wohlers call her a mad woman, but I should scarcely like 
to infer that she was, seeing she is an ancestress of an esteemed old friend 
of mine. She married a man called Puhou, and by the genealogy furnished 
me I note she flourished ten generations ago. The Kai-Tahu invasion of 
the South Island took place in the year 1650 approximately, and ten 
generations back from 1900 places the birth of Raureka as about 1650 also ; 
so if we allow she was twenty when she made her exploring trip, we can 
put down A.D. 1670 as somewhere near the time when Kai-Tahu became 
interested in procuring greenstone. 

I was told that two West Coast Maori, named Pakiha and Taka-ahi, 
came over to Canterbury and were acting as brigands, pouncing on solitary 
wayfarers, whom they killed and ate. Rakitamau killed them, but before 
doing so elicited information as to the route to the West Coast. He and 
his sons (Weka and Marama) followed the directions and arrived at a lake 
where was a store of greenstone, guarded just then by only an old man 
and woman. They killed the old couple and used them as provisions on 
the, way back to Kaiapohia, which they entered in triumph, carrying as 
much greenstone as they could bring. The time of this occurrence is not 
stated, but I take it to be before the war expedition led by Rakitamau at 
the time when he killed Uekanuka. 

The possession of greenstone weapons was an advantage to Kai-Tahu 
in their conflicts with Kati-Mamoe, but the latter gradually acquired the 
valued pounamu. • It is said that one of the weapons of Marakai, one of 
the most valiant Kati-Mamoe chiefs, was a pounamu tokL For a long time 
the Kati-Mamoe, a tangata-whenua people, were inferior to Kai-Tahu, who 
belonged to the conquering strain, whose achievements in Maoriland were 
analogous to the Norman Conquest in England. They were inferior both 
in weapons and prowess, but as they were pushed back from Canterbury 
into Otago and Southland they roused themselves, and, to quote one of 
my informants, they “ fought like tigers,” with a result that the two tribes 
amalgamated and were so found by the white people. 

That the Kati-Mamoe possessed greenstone is evident from the tjradi- 
tions concerning the Otaupiri pa, on the north side of the Hokanui Hills. 
After Tu-te-Makohu killed Kaweriii at the fight of Waitaramea (also known 
as Tarahaukapiti) he lived at Otaupiri. Of the presence of greenstone in 
this’ pa I have been told no fewer than eight time§. “ There is, ot was, 
a spring close to the pa'' said the first man who told me of this famous 
piece of powmmu, “ and it is,, or was, covered over with a greenstone sjiab, 
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which has never been found yet.” Another said, “ There was a well in the 
fa of Tu-te-Makohu, and its top was covered by a celebrated slab of green* 
stone ” ; and another added these details : “ I will let ydn into a secret. 
In a creek near Taupiri eight valuable mere are burifed under a slab of green^ 
stone which was conceal^ in the creek-bed. There is also in that hidden 
store a beautiful greenstone taiaha, which is said to be 3 ft. long. T have 
never heard of any one making a proper search for that buri^* treasury 
placed there by our ancestors.” 

In regard to the last remark, one old man said to me, ‘‘ Several people, 
including |}he late Tame Parata, once went up to try and get Tu-te-Makohu’s 
greenstone at Otaupiri, but the search was without result. Tu-te-Makohu 
died at that pa and was buried on a hilltop which can be seen for nailes 
round. His maifi was put upright in the ground to mark his burial-place.” 

One old man gave Some information >;mich may refer to the foregoing, 
or it may be a different incident altogether : ‘‘ In a creek up about the 
head of the Waimumu Stream, in the Hokanui Hills, is a big hole that was 
used in old times to get water from. Somewhere near it a noted green- 
stone mere was buried in the creek-bed. This mere is said to have once 
belonged to a great woman, and it was secreted to preserve *it from falling ' 
into strange hands. It was buried by a woman who was the only one of 
her family left at that place, and she hid it secretly so the rest of the people 
would not know, and it has never been found to this day as far as is known.” 

The hiding of valued pieces of greenstone was quite common. Rawiri- 
te-Awha had once lived at Lakes Manapouri and Te Anau, and he buried 
some greenstone there. One of my informants was up there with Rawiri 
and some other Maori in 1872, and one night a companion and he went 
to the site of Rawirj’s old whare and dug up the greenstone and had a look 
at it. They carefully replaced it, and as the party came away without it 
my informant considered it would be there still, although he has never 
been back ‘in the locality to ascertain the changes made by the white man’s 
occu])ation. 

At one point near Port Molyneux, tradition says, a whare stood many 
generations ago, and that when the chief called Makatu was killed on the 
headland above his heart was brought down and roasted before this ancient 
dwelling. My informant had dug down at the spot and found traces of 
habitation, coming on an old bone mere, beautifully carved, but unfortunately 
half burnt. He also found a greenstone weapon of unusual design,^ and 
this he gave to Captain Bollons, of the s.s. “ Hinemoa.” The hill behind 
the old pilot station at Port Moljmeux is called Kaoriori, after a block 
of greenstone of this name which had been brought there and broken up 
to manufacture. A rivulet running from the hills near Kaitangata is called 
Te Waihoaka because in it, according to a correspondent of mine, “were 
found large quantities of a hard stone (hoaka) much sought after by the 
Maori for grinding greenstone and other stones and fashioning them into 
ornaments, as well as for making tools and other implements, an art in 
which the Maori attained truly marvellous skill.” 

It was natural, of course, that greenstone should be used as a medium 
of exchange, and two of these barters were mentioned to me^ The first 
was that some valuable pieces of greenstone changed hands for the right 
.. .to an^at (noho) on certain lands in Otago at the time Rauparaha was raiding 
the people of North Canterbury. The other recorded that a fajst canoe, 
named Kura-matakitaki, was made at Matainaka (near Waikouaiti) by 
Rimurapa and Horuwai some time before the whalers came. Pohi was 
anxious to secure it, and thi*^ he did by giving greenstone in exchange. He 
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took it round south with him to Foveaux Strait. The whalers subsequently 
named a place (Pahi’s, near Orepuki) after this chief. 

Te Horo is ^he name of the place in Milford Sound where the -tdkiwai 
(tangiwai) greenstone is ^ got. It is a cliff-face behind Anita Bay. Piopio- 
tahi, as I understand it, was originally the name of the Cleddau Biver, 
but is now applied to the whole souhd. The Maori went round in canoes 
from Murihiku (Southland) to Piopiotahi to get tdkiwai up to about fifty 
or sixty years ago. It is said by the southern Maori that, although the 
greenstone ^at Milford was inferior, good pounamu could be got at Barn 
Bay, some distance farther north. 

One old naan said to me, “ In 1841 Anglem, Gilroy, Stirling, 'and others 
started trading with Sydney in flax, and they also opened up greenstone- 
quarries about Milford. The flax was properly dressed (whitau). They 
had natives getting greenstone at Piopiotahi, and they took this greenstone 
to the North Island and exchanged it for plenty of flax, which they could 
sell at Sydney for £70 or £80 a ton. While getting the pounamu at Milford 
a boat,, overloaded with the stone, capsized and sank between two rocks.” 

Some years ago I had a chat with Mrs. Gilroy, who was a daughter of 
Captain Anglem, and was bom on the west coast, near Puysegur Point, 
about the year 1832. She narrated: After taking flax to Sydney my 
father came back and took one lot of greenstone to China. The stone was 
got^at Piopiotahi, or Milford, and neither Stirling nor Gilroy had anything, 
to do with it. My father was living at the Bluff then. Captain Way bone (? ), 
of the schooner ‘ Success,’ was washed overboard one stormy night off the 
Bluff, and the vessel came in and lay here five or six weeks. Johnny Jones, 
who was part-owner, got my father to take the schooner back to Sydney. 
My father came back in a brig, ‘ The Boyal Mail,’ and, picking up all 
the old natives here, he took them round to Milford to get greenstone. 
I was a girl at the time. The owner of ‘ The Royal Mail ’ came over in 
the ‘ Anita/ and sailed round to Milford, and after they got a cargo of green- 
stone both vessels proceeded to China.” Here the narrative unfortunately 
ends. I was gathering Maori place-names — Mrs. Gilroy gave me a long 
and valuable list — and did not pursue the subject of greenstone further. 

One thing that has always struck me is the great number of greenstone 
tools, weapons, and ornaments that has been foimd in Otago, and also 
the very wide extent over which the finds range. Either the population 
was^much larger at one time, or the limited number of inhabitants worked 
unceasingly to produce such a quantity of manufactured stone. Then, 
again, the Maori must have been very happy-go-lucky or indifferent in 
their care of possessions so valuable to a people in the Stone Age. 
Although much may have been buried with the dead o?: hidden in the 
earth for safety and left there through the owners dying, yet a large 
quantity has been found lying on the ground as if carelessly thrown down 
by travelling parties and left unretrieved and forgotten. As already 
inferred, these greenstone articles (“ curios,” the pakeJi$ calls them) have 
been found in most parts of Otago. Among other localities where such 
have been found, I see I have a note that an axe-head was picked up on 
the top of the Old Man' Range, near the Kawarau end. Many. farmhouses 
throughoutr Otago possess greenstone curios picked up in the neighbour- 
hood, and if the whole could be. gathered in one place, together with 
museum collections and private collectors’ hoards, it would, I am sure, 
make an array of astonishing extent. Several days ago, too, at a place 
near where I am writing in Gore, a big adze-head Was dug up, and much 
more may still be found. > 



Addenda. ^ ^ 

The testimony of the southern Maori that greenstone was got at the 
head of Lake Wak^tipu raises the query. What is the correct form of 
the name Wakatipu ? Shortland gives the name as Wakatipua ’’ in the 
two maps in his book, The Southern Districts of New Zealand, and M 
page 205 also spells the name with a final “ a,” but at page 35 he refers 
to the lake as “ Wakatipu.” / 

Its correct %rm is one of the conundrums in Maori nomenclature. 
The difficulty is threefold: Should there be an “h” in the name, or a 
final “ a,” or both ? I referred the matter to the best-informed of the 
southern Maori, and have nine opinions regarding it, but cannot say I 
am much further ahead. 

Two of the old men said the name was Wakatipu, and meant growing 
canoe ” ; but '^hy it was growing they knew not, except it was a sort of 
magic canoe. Another also said the first part of the name was waht, not 
whaka. He had never heard the reason for the name, but considered ijb 
was a canoe to cross the lake. An old woman said she had heard no tradi- 
tions to account for the name, but the old people she had known usually 
called the lake by the name of Whakatipu-wai-ihaori. An old man said, 
Whakatipu means ‘ to grow,’ ‘ to nourish,’ and the reason the name 
was given was because the Waitaha and Kati-Mamoe tribes when beaten 
in war retired there to rear families.” But against this one of the best 
authorities on southern history says it is a Waitaha name given long 
before the Kati-Mamoe appeared in the south. The Waitaha, he says, 
were descended from Toi, Rauru, and Eakaihautu, and why they named 
the lake “ Whakatipu ” is not known, but, as far as he knew, it 'was not 
after any chief or ancestor. The late Tare-te-Maiharoa said he did nbt 
know who named Wakatipu, nor why. It was a Waitaha name, and its 
origin had been lost in antiquity. Another usually well-informed man 
said he had never heard the origin of the name, nor did he even know the 
correct form of the word. The last opinion I got was from a man who gave 
me numerous place-names 'of the lake vicinity, and he said the Waitaha 
bestowed the name Whakatipu. The word whaka (or, as the North- 
Islanders would say, whanga) meant “ a bay,” and tipu meant “ growing,” , 
but he had never heard why the Waitaha applied the name. 

In regard to information derived by Europeans from Maori sources, 
Mr. Henry P. Young, who got his information at Colac Bay, •wrote in 
1903, “ Wakatipu should be Wakatipua, the waka or hollow of the tipua 
or demon from the well-known legend.” Mr. Henry E. Nickless, writings 
in 1898, said that Hoani Matewai Poko, a son of Te Waewae, told 
him the proper name of the lake was Whakatipu and not Whakatipua. 
Mr. 5. M. Stowell (Hare Hongi), in 1898 — the year the stamp was printed 
with “ Wakitipu ” on it — wrote that the name should be Whakatipu; and 
he was followed by Mr. S. Percy Smith, who wrote, ‘‘ Mr. Stowell may be 
right about Whakatipu, although Tare Wetere assur^ine that it should 
be Whakatipua, and I am inclined to thinl^ that the name should be, 
Wakatipua.” HalsweU in his 1841 map spelt the name “ Wakatopa.” 
James F. Healey, writing in 1898, said that the Waitaki Maori in 1856 
gave him the name as Whakatipu, and said it was a mighty lake that 
existed 'near a greenstone river. A white ^settler told me that the Maori 
had told him the name was Waka-tipua because a phantom canoe used 
to drift on the lake. In Mr. Cowan’s notes was one— “ Whakatipu (?) 
was the name of a canoe in which the Maoris went to fetch the koko- 
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tangiwai from across lAke Whakatipu.” Mr. Cowan says in his Maoris 
of New Zealand the full nam? of the lake is Je-rotp-whakatipu-whenua. 

The late Mr. W. S. Young, of Otakeho, writing to me regarding his 
survey trips in 1867-59, said a very intelligent old Maori, !l^wana by 
name, told them he used “to live at a large lake called Wakatapu, the 
only place where greenstone could be obtained. Opposite their settlement 
on the shore of the lake was a great clifE, which occasionally broke away, 
when the chief would launch his sacred canoe, Wakatapu— h^nce the name 
given to the lake — and, paddling across, obtain pieces of greenstone and 
distribute them among the tribe. Ultimately the northern Maori came 
after greenstone and destroyed the lake tribe. ... . When or how 

the name first degenerated from Wakatapu to Wakatipu is more than I 
can tell., Had ^e lived in southern Otago I think the lake would have 
been called Wakatapu (sacred canoe).” Mr. Young saw the lake and a 
slip in a cliff from the top of .the Shotover Mountains ; but as he soon 
after removed to the North Island he never saw at close quarters the Roto 
Wakatapu and the Pari Pounamu (greenstone cliff) described by old Kawana. 

In a letter to me Mr. S. Percy Smith says he is inclined to think the 
name should be Whaka-tipua, and that is also my conclusion. An old 
legend says the lake-bed was formed by a giant ogre or tipm, called 
Kopu-wai, being burnt there. Shortland wote wakapapa instead of 
whakapapa, so he may also have written “ Wakatipua ” for “ Whakatipua.” 
yhe tradition of a canoe crossing the lake for greenstone will probably be 
true, but it has become grafted into or intermixed with the older story 
that the great hollow in which the lake lies was formed by the ashes of 
the giant. Hence we find the conflicting opinions already recorded. The 
matter cannot be regarded as settled yet, but it is hoped that the foregoing 
information may help towards a solution. 

The qi^estion as to whether the name is rightly Wai-pounamu or Wahi- 
pounamu is an interesting one. The southern Maori was almost as bad as 
the cockney for deleting and adding the aspirate. Dozens of examples 
could be given, but one will suffice here. There is an island east of 
Stewart Island, and its name is Wahi-taua, but it is usually called Wai- 
taua. Even in Mr. Justice Chapman’s paper there are two illu8trati,pns of 
this trait. One kind of greenstone is called auhunga on page 513, and 
on page 515 it is called hauhunga. On page 509 an ear-pendant is termed 
kapehu and also kapeu. One of my informants found a kapeu on Pigeon 
Island (Wawahi-waka), Lake Wakatipu, in the year 1864. It must be 
^ very old, as it was worn white. As far as I know, he has it still in his 
possession. To revert to Wai-pounamu and Wahi-pounamu, I think it 
is probable both forms were used — ^the former for the rivers of Westland, 
where pounamu was got in the water, and the latter for perhaps Pioj)iotalii 
and Te Koroka, where it was procured from cliffs or mountain-sides. 

Mr. Oowan gives the kind of greenstone that Vas found at the head 
of Lake Wakatipu as koko-tangiwai, but I was told it was inaka (or inanga). 
I heard recently that a *European resident in that locality had come 
across what he considered to be an old greenstone-quarry. If that be so, 
we 'should be able to ascertain something more than we know at present 
about this traditional pounamu hunting-ground. 
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Art. XIII. — Nature-lore of the Southern Maori, 

, By H. Beattir. / 

• Cbmmunicated by H. D% Skinner. 

[Read before the Otago InatiUUe, 9th December, 1919 ; received hy Editor, Slat December, 
1919 ; iaaued separately, 4th June, 1920,1 

In collecting the traditions and place-names of the Maori of Otago and 
Southland I have gathered a great mass of information, some of which 
has recently been published elsewhere. There remains, however, a con- 
siderable quantity of naatcrial which has never been printed, and some of 
this relating to nature ip-ay be of interest. It must be understood that 
I am not trying to deal exhaustively with the various phases of this 
extensive subject, but simply to record what the southern Maori have 
occasionally said to me about it. The Maori gave me some nine hundred 
place-names hitherto unrecqrded by the pakeha, and it was while giving 
these names that they mentioned the following facts. Where the terms 
‘‘ North ’’ and South ” are used, reference is made to the districts north or 
south of Timaru, Canterbury. 

The Kanakana, or Lamprey. 

The general name for the lamprey is piharau in the North and kana- 
kana in the South. One of my informants said that there are at least 
four different kinds of kanakana, or, if counted as all one species, the 
Maori had names for them at four separate stages or at different sizes. 
These names are — (1) Te-ika-tukituki-wai ; (2) te-ika-totoe-wai ; (3) matua- 
iwi-papaho ; (4) te ru. Some rivers might have all four kinds, and other 
rivers fewer. They went up certain rivers only, and they shunned others 
for no apparent reason ; but evidently something in the water, either in 
taste or in plant or animal life, or in the situation of rocks, &c., attracted 
or repelled them, My informant added that .the kanakana would not 
come uj) the Karoro Creek, but swarmed up the Molyneux River, wl^ose 
mouth is about two miles distant. They proceed up the rivers until 
they find their passage barred by rocks, and to these rocks they cling with 
their sueker-like mouths and are easily caught. One of my informants 
combated the statement that the kanakana lived on whitebait, saying that 
its food Vas the kohuwai, a green mossy growth which adheres to the rocks. 

The most famous of the spots where the MRori assembled every October 
and November to catch the lampreys was Te Au-nui (Mataura Falls). 
Only certain hapu (families) had the right to fish there, and each family 
had a strictly defined pa (fishing spot), the right to which had been handed 
down from their ancestors. The names of some of these pa were (1) Wai- 
kana, (2) O-te-Jiakihaki, (3) Rerepari, (4) Mataniho-o-Hukou, (5) Mupuke- 
a-Rahui (6) Otautari. "The names of the others are forgotten. 

The falls on the Pomahaka River named Opurere were also a celebrated 
kanakana fishery. An old man tells me that the people used to go there 
every October' and November, and after catching all they comd they 
would return to their homes to plant potatoes. There were six pa 
(fishing-allotmejats) at Opurere, and, beginning from the south side, the 
names were (1) Mataniho-o-Muka, (2) Tu-kutu-tahi, (3) Te-awa-inaka, 
(4) Patu-moana (this is a small island), (5) Rau-tawhiri, (6) Te Rerewa. 



Other places at which kcmthim might be caught were Te Bere-o-E^ihiku 
(Kaihiku Falls), Hehetu a small fall where the Orawia runs into the 
Waiau, Waipapa-o-Karetai, on the Silverstream, and elsewher^. 

It must not be thought that p<!irsons entitled to take the lampreys from 
a certain section of rock could proceed to do so at haphazard. It was a 
Watter that had to be gonq about with hardkia (incantations) and due 
observance of time-honoured customs. Each of the falls was protected 
by a guardian tae'po^ (spectre), and if a person offended against tradition, 
woe betide him. The taefo of the Mataura Faffs was a magic dog. It was 
explained to me as a rock which stuck out of the water about where the 
Mataura Freezing-works are, and, although it looked like a rock at ordinary 
times, to one who was guilty of desecration it would miraculously change, 
and appear as an ogre possessing a dog’s head, paws, and body, but with 
a fish’s tail. The luckless wight who saw it thi^s was doomed to disaster 
unless he could invoke powerful charms to ward off the evil. 

The ia&po of the Pomahaka Falls was also an uncanny thing to provoke. 
It frequented the tiny island known as Patu-moana, and took the shape 
of a giant eel. These spectres did not trouble those who proceeded to 
take ^the hanahana in the correct manner as prescribed by ancestral usage. 

To supplement what the Maori told me about the hanahana, I may add 
that the late Mr. N. Chalmers, of Fiji, writing to me in 1910, said, “ h 
readied Tuturau in September, 1853. This was in the hanahana season, 
and I was much interested in the way in which the Natives caught the 
lampreys. On the top of the falls there are— or were at that time — three 
large potholes about 6 ft. deep, and full of stones. These were cleared 
out and strong stakes put in each ; then as the hanahana came crawling 
up and clinging to the rocky wall of the falls the Maori, leaning on the 
stakes, reached out their hands and, grasping the fish, put them in the 
horari eel-pots handy. It took them only about ten minutes to fill one 
pot, when another took its place. The superstition of the Maori is very 
marked, for Beko told me that if an enemy or any one threw a firestick 
into the falls, then the hdnahana would desert the locality ; so, needless to 
say, I was very careful to avoid hurting their feelings. . . . When 

I was at Hokanpi in 1858 I had a stockman called George, a Sussex man, 
who came to the house one afternoon with a face as white as a sheet and 
swearing he -had seen an eel at least a mile long at the Longford (how Gore). 
I got on my horse and went with him, and when I saw the phenomenon I 
was not surprised at his statement ; for I saw a column of hanahana more 
than a mile long, swimming in a round mass exactly like a large eel, so 
beautifully were they kefeping a circular shape.” Mr. F. L. Mieville, who 
stayed at Tuturau in 1854*, writes, “ The natives were very good to us 
and supplied us with potatoes, also hanahanas much resembling leather 
with a strong flavour of train-oil— they were dried and very hard.” 

The Maori Dog. 

The question of who introduced the Maori dog to New Zealand has 
aroused discussion at various times. Maori tradition says that some of 
the canoes which came here from Hawaiki a.d. 1350 brought dogs ; but 
some people consider that the inhabitants of New Zealand before that 
time had dogs. Thus in the story of Kopuwai (one of the oldest legends 
in the South Island annals— it. must be much over a thousand years 

^ ? taipo, Williams says taepo is not used by the Maori. — E d. 
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old) we are told ke kad a pack 6f tfek twoAeaded slogs. Be tiaat as it may, 
we know that when tte pajceha came to New Zealand they found Maori 
dogs extant. In Otago and Southland these dogs roamed the interior, 
living on the countless flocks of native birds that thronged everywhe|je. 
The animals made inroads into the runholders’ flocks and were hunteii 
down and exterminated. Some wjute men considered that these dogs 
were descendants of nnes liberated by Captain Cook .pr of those that had 
got away from the whalers, but there is no doubt wha^ver that they were! 
genuine Maori dogs. They had woolly hair, sharp-pointed noses, pointed- 
ears, and never barked, the noise they made being a long, melancholy howl. ; 
According to European observers, some of these dogs were pure white, others 
black-and-white, and others fawn. The Maori called them kuri, and several 
places in Otago and on Stewart Island bear names reniiniscent of these 
animals. Asked concerning these dogs, two of the old Maori said the 
kuri was usually of a black-and-white colour, and another old man said 
they were often reddish-tan. One said, “ It had long hair, a bushy tail, 
a short, sharp nose, and a small head. They were very wary, but could " 
be caught by tying up a bitch {uha) and leaving it, when the wild ones 
would coine round it. These dogs were in New Zealand long before 
Captain Cook came, as our traditions show; but when they began to run 
-wild I cannot say.” 

Another said, “ The kuri was the Maori dog. The reason why one lot 
of Maori came to New Zealand was because some of them who were not' 
high-class people stole a ddg and ate it. Through this they were forced 
to leave Hawaiki. Before the pakeha came our people used to sometimes 
castrate (whakapoka) these dogs and then fatten and eat them. They 
had long hair, and their skins made fine mats called topuni, and rugs. When 

1 was a boy I remember*' a fine kuri belonging to a native called Koati in 
Westland. It had a big body and short legs A man named McDonald 
bought it as a curio for £2 ; but he tied it up and it jumped the fence an4 
was strangled.” 

Another said, “ I never heard how the kuri came to New Ziealand. 
The skins were cut into strips and made into rugs. 1 once saw a kakahu 
(garment) made of them — it was a taniko clbak. Its colour was white 
and black, and some of the hair had been stained red with dye from a 
tree like the miro but whose name I forget.” 

A shepherd speaking of wild dogs on Knapdale Run in 1868 said, 

“ A family of red ones seemed to frequent the lower flat, while those on the 
upper flat were yellow.” , 

The question of the kuri, or Maori dog, still requires much investigation. 

Lizards and Tuatara. 

Halving read that, the Maori had a superstitious awe of lizards, I asked 
about them, but got little satisfaction. One old man said, “ I know three 
kinds of lizards, ^he one which lives in the cracks in rocks is karara- 
papani, the greenish one is called kakariki, and the common one is ^rara- 
toro'pakihi. I know nothing of the tuatara” Another said, “ The kind 
of lizard known as mokakarita was perhaps so called because its colour was 
like the plumage of a parrakeet. The general name was karara. 1 have 
never seen or heard of tuatara down here, but I have seen a lizard about 

2 ft. long. It was on top of one of the Hokanui Hills and, because I had 
had a bad dfeam the night before, I kiUed the karara with a big stone, lit 
a fire, and burnt it. It was the biggest lizard I ever saw. A wise old 
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man told me afterwards that it was a good job I bad killed and burnt the 
lizard and so stopped any evil coming to me because of my dream. Some 
of the old Maori used to eat lizards. You could tame them for pets so ^ 
that they would come when their names were called, and they would lie 
and sleep alongside you. One such pet, Te Horo-mokai by name, was 
kept at Motti-kai-puhuka (village near Kaitangata), but it was lost, and 
although it was seen later eating tutu it was never caught again.’" 
Another said, “ Tuatara were down on Auckland Island, and Mrs. Cameron, 
of Riverton, got two from there. They had fins on their heads and backs. 

I reckon the Maori had beOn down there before the Europeans came, 
and had a look round but thought it no’ good and never settled there.” 
My last informant on this subject stated that legend averred that at 
Mason’s Bay, Stewart Island, some people saw tuatara eggs and broke 
them ; the tuatara came after them and they killed it. The names of two 
small islets in Lake Wanaka commemorate lizards- -viz., Taki-karara and 
Te Pae-karara. “ Only the big kind of lizard was called karara ” (see 
Trans. N.Z. Inst., vol. 7, p. 295). 

The Maori Rat. 

Some people have expressed abhorrence of the idea of eating rats, but; 
my Maori friends were careful to explain that the Maori rat was an 
. altogether different creature from the filth-eating European rat. The 
Maori rat was a fruit-eater and a cleanly animal. One old Maori told n\e 
that once a party of white whalers^was wrecked in the West Coast Sounds 
and walked overland. They were glad to eat the Maori rats, which were then 
feeding on the fruit of the howhai, and were big and fat. “ Long Harry,” 
one of the party, told my informant that the rats were “ very good.” My 
informant added that some of these rats had hair like the opossum, and 
that the general name for the rats was kiore, but one kind was call^ 
pouhawaiki. Another old man said the Maori rat was not found on 
Stewart Island, although it was plentiful on the mainland. It was a 
fruit-eater, and was snared. An old song mentioned that Tawera, near 
Oxford, in Canterbury, was the best place to go if one wanted a feast 
of kiore (rats). A well-informed kaumatua (elder) said that the Maori rat 
was called kiore-tawai, and was once very plentiful. It was grey, but not 
like the colour of our present rodents. It would not eat flesh, but only 
fruit and berries. Pouhawaiki, he said, was the name of the introduced, 
or European, rat. 

Near the mouth of the Mblyneux is a bank called Te Rua-koi, which 
“^I was told meant “ a hole made by the rats.” ’ Whemthey were fat the 
Maori would go and dig them out. My informant was certain that was 
the correct name of the locality, and that the getting of the rats put of 
their lairs was why it was so named. Another Maori, well versed in 
nature-lore, said he had never seen the Maori rat (kiore muori he called it), 
although a very old white settler had told him of seeing it many years 
^ ago in^that district. According to what he had heard, this rat liked to live 
in mossy places in swampy ground. It made holes in the moss, and the 
nest was Imown as rua kiore. •' That this creature existed before the pakeha 
came he knew from tradition ; also the ancient nanie of a creek near 
Otaraia was Tapiri-kiore, which meant “ two rats walking together.” In 
fact, there were two creeks with this name. Leaving Poupoutunoa 
(dlinton) and going through the Kuriwao Gorge you come to Tapiri-kior(e- 
tuatahi (tuatahi = first), and then to Tapiri-kiore-rahi (rahi = big), Then^ 
you cross Te Rauaka-o-Waipahi (the ford of the Waipahi), and go on. to 
Te Au-nui (Mataura Falls). 
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The pioneer runhoiders on the Waimea Plain found “iuttahs’’ {wfuUa 
= storehouse) left by former Maori inhabitants. These whaixL were erected 
on the top of two stout, hi^ posts, each of which had a nick round it about 
18 in. from the ground to prevent the rats from getting up to the provido|^, 
so evidently the Maori rat had some sort of predilection for Maori food, 
notwithstanding it was reputedly fnigivorous. 

Settlers of the late “ fifties speak of the plague of rats that overran 
Otago, but I presume these wer^ European rats* On the subject of the 
More, or Maori rat, like that of the kuri, or Maori dog, we could do with 
much more information. 

, The Mutton-birds. 

The titi (mutton-bird) is a favourite item of food with Maori and 'pakeha 
alike. The edible qualities of this bird were, I was told, unknown to' 
the Waitaha and Kati-Mambe Tribes. It was the first two Kai-Tahu 
visitors -to Kuapuke who discovered that the pi-titi (young mutton-birds) 
were good eating. Ruapuke was then uninhabited, and these two chiefs, 
Potoma and Rerewhakaupoko (two of the tUi islands are named after 
them), visited it, and on the small adjacent island of Papatea saw rua (holes) 
and inserted their hands and pulled out the plump young titi. It is said 
that they preserved the mutton-birds and some human flesh in alternate 
layers in a poha (bag) made of rimu (kelp), and that those to whom it was 
given as a kaihaukai (gift of food) . relished it exceedingly. " This was, as 
far as can be ascertained, about two hundred years ago, and since then 
?ie poha-titi (a kelp bag) has always been the receptacle to hold these birds, 
fat being poured over the contents and acting as an efficient preservative. 

A very old Maori said to me, “ March is the season for mutton-birds, 
and I went after them many years ago although I have never been^inland 
after weka. Titi was the general name for mutton-birds, but a small 
kind was called koruri, and there were other kinds whose names I cannot 
recall.” , , * 

Another said, “-There are three principal kinds of mutton-birds. The 
chief oi\e is a black bird, and is simply called titi ; another kind is black- 
and-white, and is called titi-wainui ; and another kind is titi-ariki. This 
is a grey bird, and is very scarce.” 

Still another remarked, “ I know no legends about the titi and .its 
catching, killing, or preserving. A small kind is called korure, and the kind 
known as wainui is rather rare.” This informant went on to say that some 
of the larger titi islands were divided into manu, or bird-preserves, for 
different families. For instance, on Herekopare Island there were five 
manu — viz., Te Tihi, Kuri, Te Upoko-OrTamairaki, Hotunui, and Te Ahi- 
o-Pere. 

There was evidentiy some etiquette observed about taking the titi, as 
an old and respected Maori of the South received his name from the 
following circumstance. It was the rule that one party arriving on an 
island before tlie other parties entitled to do so should wait until the 
arrival df all before starting operations. In this case the first party 
caught some birds at once and were roasting them when another party 
came. High words led to blows, and my informant’s mother joined in the 
melee with a kohihu (a skewed or stick used to roast birds before a fire), 
and in consequence when he was born a few months^ later he was called 
Kohiku Titi. * 

1 was told that the general name for the islands round Stewart Island 
w^ Mai-ko-tai, meaning that they were places to come to for food. 
(P^erhaps this zmme should be Mahilm-kai.) * . ^ 
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Eels (Tuna). 

An old Maori said to me that there were three kinds of eels that he 
knew. The horepara is a light green, with white belly and white under jaw, 
and is good for eating. The arohehe is a black eel, with big head, strong 
jaw, thick skin, and does not taste very good. Owing to the thickness 
of its skin another name for it is kirirua (“ two skins ’’ or “ double skin 
The tunapou is still bigger in the head than the arohehe and tapers to a very 
small tail. It has the same kind of skin as the kirinuiy and is not eaten by 
the Maori but thrown away when caught. 

All or nearly all fish spawn in, salt water, my informant thought, but 
he was not so sure of eels. Lots of eels are cast up on the bars at the 
mbuths of rivers, and the old Maori would say these were aged breeding* 
► eels,' which were done. It was only breeding-eels which came down to 
the sea and then went back up the river. When they came down to 
spawn you would not see them unless they were cast up on the beach. 
This was about June. You could catch them in the rivers from August 
to May, but not many in the latter mbnth, as it was too cold for them. 
In the town of Wyndham there is a lagoon called Pipi-a-Manawa, and it 
is fed by a spring called Matatiki, and he remembered old Tangatahuruhuru 
telling him this spring was a wii\ter retreat of the tuna (eels). You could 
see the hole in the ground from which the spring came, and it was almost 
blocked with ^els in winter, the reason being that spring water is warmer 
, than river water. In the Otu Creek just before it enters the Mataura 
Kiver there is a hole which is another winter resort of the eels. They 
used to congregate thickly in that spot, and if you threw in a stone they 
would swarm out in great agitation. There was a seaspn for catching 
everything, continued the old man, but eels could be caught the whole 
year round in some places, although from a food view the best time to. 
. catch them was from Christmas-time to February, as the flies were not so 
bad then, and the eels could be dried (tauraki). Hang them up for three 
weeks, then put in an urnu (earth-oven), cook, and j)ut into a poha {kelp 
bag), which can be bound ^ith tolara bark and flax, and there you have 
your delicious eel-flesh preserved for an indefinite period. 

Eels from the rivers, continued my informant, are not so good as 
those from the lakes, as the flesh is not so firm. The eels in the lagoons 
were all right if one just wanted a few eels for daily use, but there were 
not enough eels in the lagoons, as a rule, to make it worth while to fish 
for them for preserving purposes. The lakes known to the Maori as 
Roto-nui-o-Whatu and Kaitiria — but now called by the white settlers Lake 
Tuakitoto and Lake Kaitangata — were great eeling-places, but to be truly 
successful one had to be careful to say the right karakia (invocations) 
before starting operations. The eels were usually caijght in eel-pots (rohe- 
wainui), the basket or cage part of 'which was called hinaki. A smaller 
kind of eel-pot, called hinaki-kanakana, was used for catching kanakana 
(lampreys) ; and, strange to say, eels will npt go into this, and, vice versa, 
kanakana will not go into the ordinary eel-pots. There was one kind of 
net to catch one size of eel, as a rule, but there was another mesh which 
could be used to catch all sizes. Eel-pots were sometimes made of flax 
in the South, as it tPbk a lot of 'work and manipulation to make them of 
the toraro vir\e. 

^All the foregoing information was from one man, but I have still three 
further notes. One man said, “ At ManawapSre (Upper Mavora Lake) 
there is a stone eel-trap. Old Rawiri told us, if we went there, to "block 
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the end, to lift the stone and take out the eels, then gO up forward and. - 
lift the next stone door and take out more eel% It is a very old trap, and 
is partly natural and partly made.” • ^ 

Mr. James Cowan collected the following note from southern sources : 

“ At Little Mavora (Hikuraki) there is an artificial stone hinaM with a 
door for eels to get in. It was built by the old Ngati-Mamoe people — 
they put a stone cover on.” The two notes evidently refer to the same 
“ stone eel-pot,” but its discovery has never been reported by white men. 

Another old man speaking about .eeling said, A fine place to get eels 
is at Miki-oe, near Dr. Menzies’ old ruh, near the Mokoruta River, now 
miscalled Mokoreta. It is a spring fna the eels go iir the 
winter-time because the water is warm.^^^is*^- ‘ ^ ^ 

A large number of place-names' Southland perpetuate 

the ancient Maori love for the tooth3|ihP^ a number of 

places called Kaituna and Waituna (^^l^reai^p one of the latter being 
in the West Coast Sounds region. A |||^^mr Gore is called after a 
man, Tunarere ; and Taieri Lake, in CentllH was named after a chief; 
Tuna-heketaka. Of nomenclature which IMTuot bear its significance on 
its face two names occur to me. A tributary of the Waiau is Kaipurua 
Crfeek, and I was informed the name meant a pair of eels eating at one bait 
or “ two eels on one bob.” Murikauhaka was an ancient village at the 
old mouth of the Mata-au (Molyneux), and I was told the name means — 
mwn, ‘‘ the end ” ; kauhaka^ “ a hole in a bank where an eel has its 
quarters.” .. 

The figurative name for the Cai\terbury seaboard is Ka Poupou a Te 
Rakihouia, because that chief, over a thousand years ag^, erected posts 
and built pa-tuna (eel-weirs) at the mouths of the rivers. These weirs 
were continued until comparatively recently, but I have no description 
of them as yet. 

Mr. F. L. Mieville, writing of his expediences with the Maori in Otago 
in 1853 and 1854, says, “ The Maoris have a very good way of cooking 
^n eel. They clean it, but do not skin it. Like them, I now think it is 
a great mistake to skin an eel. Next they impale it with a stick ])ointed 
at both ends, running it through from the tail to the head. The stick is 
then stuck slantingly into the ground close to a good fire, and when one 
side is cooked the other is turned. 'The eel is then served up — 1 . 6 ., the stick 
is placed upright in the earth amidst seven or eight Maoris, and each one 
pulls ofi a bit with his fingers.” 

The Small Fry. 

The season for whitebait (paraki) was October and November, said an 
old Maori wise in these matters. The patete was another kind of whitebait, 
and was good to eat after it leaves the sea, but as it proceeds up the rivera 
inland it picks up stones and gets rubbish inside and is then no good for^ 
food. Waharoa (long mouth) was a big kind of whitebait. You could 
catch it with a hook baited with a worm. It had bones and its flesh was 
coarse. Mata was the very small whitebait, and it was caught with Maori 
nets (kaka) which were sometimes a chain long. Inaka is the name of 
the little minnows — they are black, with white bellies. My informant 
reckoned they came down to the sea to spawn, as Wai-whakarara, near the 
mouth of the Mol 3 meUx, was a great place to catch them,. If not caught 
before spawning they were no good, and would go mp the river again 
in long ooluUms, leaving the water white with spawn at the mouth of 



60 


Transactions, 


. river. The name of the crabs in inland creeks is papaka, and of the 
crayfish Icoura, “ The nai^e trout, known to the settlers as oockabuUy, 
is called kokopu, and the mountain-trout is called kbhyparaf^ said my 
informant, adding, “ both these fish are various-coloured, but they are of 
difierent shapes,’’ 

Another of the old men said, “ The correct name of the cockabuUies 
is kokopara. They are still to be found in the creeks at Stewart Island.” 
In the early days of Otago settlement the name of this fish was spelt 
“ kokobula,” or sometimes “ cockabulla.” I have a note, “ Mata-inaka 
was a lagoon near Waikouaiti where the Maori got very small whitebait ; 
hence its name.” A fish which was caught in some 

streams, I have no particidars of, of a small fish called ikamafu. 

An old Maori said to 'VOm Banxe for the barracoota is maha, and 
the proper name of the, pl ^fe: jM^ hite men call Titri is Kaimaka (to eat 
barracouta). We caught tl|||ipK with a rod (wo^ere), usii^ a jigger (pa) 
worked with string (tau). wlen the flesh of the maka was preserved by 
drying it was called moe. The jigger was made of wood, dnd whenever 
possible of iowai wood. One of the best places in Otago to get this kind 
of wood was at a bush called Oreheke, north-west of the Tapuaenuku Kange 
— ^now called Tapanui — and near the head of the Pomahaka River. This 
bush was full of towai timber. On days when you cannot see a barracouta, 
and you are getting no bites, use a towai jigger and you will get plenty of 
fish. The reason for this is because a particular bird once settled on this 
tree ; but I do not know which bird it was, nor the story about it.” 

Another old Maori, in speaking of sea-fish, said, “We called the blue 
cod, rawaru ; rock-cod, moeanu ; rod cod, hoka ; ling, ran ; soles, 'whose 
jaws are more bent than flounders, horihori ; butterfish, takakaha ; white- 
fish, tarakihi. The name of ^;he falls in the Owaka River near the 
township is Taheke-aua (Mullet Falls). The reason of the name is that 
the mullet (aua) ran up the river ftbm the sea until stopped by the fall% 
and that was a great place for catching them.” A stream near Taieri 
Lake was Te Awa-kai-aua (eat mullet), but I do not know why it was so 
named. 

I have a note, “ At Moeraki the fish principally caught are hapuku (groper), 
rawaru (blue cod), and wiati^oa (North Island name of barracouta),” but I 
am sorry I omitted to get details of ancient fishing methods or of the huge 
flax nets of pre-European days. 

Seals and Sea-lions. 

In regard to the larger denizens of the sea, the southern Maori name 
for seals generally was pakake ; the fur-seal was kekeno ; the porpoise, 
terehu ; the sea-leopard, rapoka ; and the sea-lion, whakahau. A number 
of place-names in the ^uth reveals the Maori interest in these mammals, 
such as Whakawai-pakake (to entice seals), Tangi-pakake (when the mother 
seals were killed the young ones would tangi and shed tears), Ara-kaki (the 
path of a female seal), &c. One old man said, “ The two hind flippers 
of a seal are called ka-kautaua, and tyfo rocks near Ruapuke are called 
t^^ds name because of their shape.” Another said, “The bight below 
lord’s River, Stewart Island, is called Pupuri-kautaua (Hold on to tiie 
flipper) because h^e a chief named Kahu surprised a whakahau (sea-lion) 
azid caught hold of its flipper and held on till his men could kill it. He 
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was a big, powerful man, but it must have been a young whakahau or he 
could not have held it.’^ Another narrates that when a boy he .copied 
some white boys and made bow and arrows, and he got into sad trouble 
for shooting an arrow into B,jf>oha of kekeno, flesh suspended to the roof* 
The poha was opened, and he says the seal-flesh made good eating, 
although fat. The Maori method of killing the seals, &c., is said to have 
been by clubbing, but more particulars would be welcome. 

Whales in the South were called kewa, and the traditions frequently 
mention them, chiefly as miracle-workers; but the Maori would occasionally 
find stranded whales, when they would enjoy a course of whale-flesh. 

Bird-hunting. 

So much has been written about the snaring and catching of birds by 
the Maori that the collector will not say much on the subject except to 
add a remark or two made by the old people. 

The southern Maori trained their kuri to catch birds such as tueka, 
kakapo, and tokoeha. The last-named bird I was told had big “ paws 
(toes) and was able to kick the dogs, so there was a certain knack in 
catching them. In catching woodhens (u)eka)y the art, as I understand it, 
was for the huntsman to entice the woodhen near enough for the dog. to 
seize without letting the bird whakakeokeo or alarm the rest. Keok^ is 
the short sharp cry of the weka when alarmed, and to prevent it the 
hunter would turutu, or imitate the cry of the bird, and so coax it quite 
close, when the dog would spring at it ; but not many of thei; present Maori 
have been icei'a-catching. Weka were also captured with a noose. 

Wild ducks were snared in the creeks with a flax net or snare, called 
the kaha, I was also told that a Maori who was a fast swimmer could 
catch moulting ducks, which in common with unfledged young are called 
maunu. An old and respected white settler tells me that in 1859 he was 
invited by the Maori at Henley to take part in a “duck drive ’’ on Lake 
Waihola. They started out at daybreak in canoes and dug-outs, and 
rounded up great numbers of young and moulting paradise ducks unable 
to fly. They ran these maunu into a comer and slew them with waddies. 
They returned in triumph to the “ kaik ” with six or seven hundred 
birds, cleaned theiri, and hung them up in rows, to be subsequently stored 
in the whata (food -storehouses). My informant added that one of the best 
feeds he ever had was an eel taken out of the whata one day he chanced 
to call. . 

Ducks, said one of my informants, were caught in long nets, into which 
they swam, and the more they struggled to withdraw their heads the 
tighter the mesh became on their necks. He had never heard of the 
Maori swimming under the birds and pulling them down by the legs, as 
was done in some parts of the world. There was no need to do so, as they 
were so plentiful, and they were very tame and would come close to you. 
There were no guns to scare and make them afraid and wild, and all the 
killing of them done by the Maori was done quietly and orderly. 

Another said that the place-name Pomahaka should be Pou-mahaka, 
meaning posts to which the snares for catching ducks were attached. 

The season to catch wekUy said one olfl man, was from April to July, 
when they were fattest ; afto July the birds became thin. * Sometimes 
the Maori would go out at night and blow '(or whakcUaki) on flax held 
between the*lips. If two weka had been answering each other this call 
would bring them. Two birds calling each other were called pukuka^ or 
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mka-jpuhuka. The call of the male bird was slow — tore, tore — ^but when 
the call was quick and agitated — t0re, tdre — that was the female bird. 
The former was called toa (a ^toa-tautahi was a fat male weka) and the 
female bird was called uwha. 

I have a further note to the effect that tnere is, a kind of woodhen on 
the islands round Stewart Island known as miuweka. 

One of my aged friends said he could go into the bush and get kdka 
by the drinking-trough method, or the rush-hut and decoy-bird method, 
or by the aid of ordinary manuka spears. He could get tui, pigeons, parra- 
keets, &c., in the same manner ; there was no fuss, and no one n^ starve 
if he knew the bush-lore. I neglected to get fuller details from! him, but 
hope to do so later on. 

Experiences of Weka-hunters. 

Winter being the best season to catch the weJca, the parties who went 
inland then sometimes had rough experiences. I was told of one tragedy 
of the long-ago through this cause. A man named Weka, his wife Nuku, 
and their two children set out from Tuturau up-country on a weka- 
hunting expedition. They camped on the hill on which East Gore is now 
built, and here the woman busied herself gathering taramea (spear-grass) 
from which to extract scent (kakara). Resuming their journey, they went 
to Nokomai, but much to their disappointment the w^ka were scarcfe, 
so, under the shadow of the mountain called Karu-a-hine, Weka made a 
pahuri (shelter) for his wife and fairiily while he went on to Kimiakau (Arrow 
River) and Kamuriwai. (My informant said, “ Kamuri-whenua is the 
pakihi (plain) from Oamaru to the Waitaki but not across that river, while 
Kamuri-wai is the pakihi near Foxe’s (Arrowtown) on the Arrow.”) This 
was a noted weka ground, and he had fair success and started to return, but 
was delayed several days by a violent snowstorm. He crossed the Kawarau 
on a moki and struggled through the doep snow to Nokomai. There was 
no trace of his wife and children, but when the snow melted a bit he found 
their dead bodies. . With some difficulty he buried them and sadly came 
down-country. Camping on the hill between the Mataura and Waikakahi 
(Waikaka) Rivers, memories of 'his wife gathering the taramea came over 
him and he composed a song, which is still preserved. From this circum- 
stance the hill is called Onuku in memory of her. Weka continued his 
journey to Tuturau, where, it is said, he died of grief shortly after. 

Another aged Maori told me of a party, among whom was Rakitapu, 
his informant, who went w;eA»-hunting, their objective being Okopiri, a 
wooded gully north of Heriot, I was told. There were no runholders there 
then. The party were on the Otuparaoa Mountains one fine moonlit night, 
when all of a sudden snow came on. It proved to be an exceptionally 
heavy faH, and the t«>6^-hunters had a rough time. That snowfall is now 
known traditionally as Kaipahau, a name which implies that the party, 
or such of them as sported whiskers, ate the snow off their beards. It 
was in July, the month that the weka are fattest, that this .'great snowstorm 
occurred. 

A noted place for getting weka was Mikioe, up the Otamatea (now 
called Otamita, or Otamete) in the Hokanui Hills. Here ’there was a 
clump of mikimiki shrub, of the berries of which the weka are fond. 
I was told that miki meant the shrub and that oe denoted the shedding of 
its berries or leaves. My informant once saw some weka so* eager to get 
the berries that they hfid clambered on to a matted mass of mikimiki and 
were perhaps 2 ft. off the ground. The sight interested and amused him. 
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It is said the Maori named the '^oodhen from its cry, “ we-ka, \ 

but a European who is well acquainted with the birds renders this cry' ats 
“ korioeeki ka-weeh” This is just another illustration of the difierence 
between Maori and pakeha ideas in regard to onomatopoeia. 

The Weather. 

The foregoing accounts of the rough weather sometimes experienced 
by the Maori in winter afford- an s^ppropriate o^ortunity of giving some 
stray remarks made to me by the old men. One said, “Our word for 
spring is kana ; summer, raumati ; autumn, kahuru, a word meaning 
‘ ten,’ or ‘ plenty ’ ; and winter, makariri, which means cold. The old 
people did not like the winter. If snowflakes came they would shiver 
and say ‘ Kai te oka te huka * (The snow is falling). We used the word 
huka for snow generally,' huka-wai for snow and rain or sleet, huka-taratara 
for hail, huka-nehunehu for fine dry snow, huka-kapu for flakes of snow; 
kopaka for. ice, or awha for rain, and the name for frost I cannot 
recollect.” 

Another said, “The mountains north of Gore are-. called Te Rau, and 
when the natives of Murihiku heard thimder from the north or north-west 
they said that was Te Rau praying for snow, and if the thunder was from 
the south-west th^ said that was Hautere (Solander Island) prayiiig for 
snow.” My informant added that he had heard the green tui or koparapara 
chattering that morning, and that this was not a good weather sign. The 
koparapara is the bell-bird (korimakoy or makomakoy in the North). The 
Maori also foretell the seasons by observing trees and plants, but I have 
no particulars of this, 

Maori traditions tell of great floods in the Aparima, Mat aura, and Clutha 
Rivers, and debris Was found by early white settlers at a height which 
lias never been approached since. A vast flood in the Clutha is known as 
Wai-mau-jiakura (“ Water which carried the swamp-hen ” — so called because 
it swept many nesting-birds out to sea), and at the recent Rivers Com- 
mission the date was surmised to be 1800. The question arises. Was the 
climate wetter before European settlement ? 

Birds. 

My Maori friends did not have very much to say about the avifauna. 
One remarked, “In days gone by the bush swarmed with native birds; 
now we see scarcely any. We had the kakaritai (robin), miromiro (tom- 
tit), titakataka (fantail), tatariki (canary), a very small bird without a tail 
called titiripotinamu (rifleman), kakariki (parrakeet). We had a black 
bird with red wattles, koka (native crow), and a bird with* a yellow mark 
over its back, tieke (saddleback). Both these birds had beautiful not^s— 
they could whistle like a man. Then we had two birds which came only 
in the summer, the pipiwharauroa (shining cuckoo) and the koekoea (long- 
tailed cuckoo).” 

Anoth^ said, “ Our name for the tui was hoko. Away behind Seacliff 
Asylum there is a bush called Potae-rua, and a creek there is Waikoko 
(Tui Stream). Our trees fruit about ^six weeks later than the North Island, 
and the tui are fat in April and May. A man could hit them with stones 
[sic] and fill his basket ; hence the name of that place. A ridge between 
Waikaro and Te Akaroa, near Measly Beach, is Paekoko, which means 
‘ the resting-place.’ ” * 
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One of my old Maori friends went to the Wakatipu diggings in 1862, 
He says, “When in Moonlight Gully my dog caught some big morep^rks 
in the rocks there, and we called the place Kohaka-ruru (nest of More- 
porks). These birds were not the %mall bush-owls known as ruruy but 
the bigger open-country ones known as mru-whenua. They Wjete big and 
fat, and when cooked the whole party ate them, and they tasted so good 
that even the white men smacked their lips over them.’* , I have never 
heard of the Maori eating owls except this instance, it being generally 
supposed they regarded the bird with ^ good deal of awe. A place near 
Colac Bay is Ruru-koiikou (“ the cry of the morepork '^—ruru being the 
bird and houkou its call). 

In securing Maori nomenclature I ascertained that many place-names 
in the Soutii are reminiscent of birds. The native lark is pioioi, and the 
name of Dunback Hill is Te Awapioioi ; the native quail was called 
korekey and a range of hills between Milton and the sea is Whatu-koreke ; 
the kingfisher is kotarey and a hill near Nuggets Point is Taumata-kotare ^ 
the teal duck is patakcy and a creek near Invercargill is Te Awapatake ; 
the seagull is karoroy and an island in the Mataura River above Gore is 
Pokai-karoro ; the parrakeet is kakariki, and a place near Charlton was 
known as Pokai-kakariki, while a beach near Fortrose is Kakariki-taunoa ; 
and so on. 

One of the aged men said to me, “ There used to he a small bird at 
Roto-nui-a-Whatu (now called by the white people Ijake Tuakitoto). It 
was about the size of a redbill (torea), and had a white breast and a black 
back. We called it pouakakaiy but its European name I do not know.” 

The common name of the swamp-turkey in the South was pakuray and 
a swamp near Balfour was called Kai-pakura (to eat swamp-hens). The 
bird was also called pukaki because of a habit it has of stretching up its 
neck when alarmed and so bulging its throat. The North Island name 
of this bird is pukekoy and how often has one heard it said, “ Look at those 
awful Southerners massacring the beautiful Maori language I Fancy them 
corrupting the word pukeko into pukaki ! ” This is not so ; it is only one of 
the numerous instances where northern and southern names differ. 

The native pigeon is a celebrated bird in southern estimation. My 
Maori friends laid great stress on its connection with the story of Maui. 
It is commonly called kereru, but is also known as kukupa. . When Maui 
was a boy he went down into the underworld to find his father, and he 
painted his mouth and legs red and put on a white maroy or kilt, and 
transformed himself into a pigeon. One of my informants said, “ The 
white on the breast of the kereru is the napkin, or marOy Maui was wrapped 
in as a babe.” Maui in the shape of a pigeon flew on to the handle of 
the ko (spade) of his father, who spoke to the bird ; but all it could do 
was to nod its head and answer, “ Kuy ku'' Any one familiar with the bird 
knows the way it ^ wags and nods its head — this is in memory of Maui — 
and all it can say is what Maui answered his father, “ Kuy ku'' 

Speaking of Maui reminds me that legend says it was the mirth of 
the titakqtaka (fantail) which caused his death. One of the old^ men said 
the word titakataka meant “ flitting about,” and the bird was so named 
because of its restless disposition. The correct name, of Akatore, in Otago, 
is Aka - torea, and it means “ the harbour of the redbills (or oyster- 
catchers).” The North Island form of the name would be Whanga-torea, 
, The southern Maori used the ordinary manuka to make bird-spears, and I 
have a note thkt the clump of manuka hailed Pokai-kakariki, near Charlton, 
was celebrated in this connection. 
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The Moa. ' 

As a rule, my informants frankly admitted they knew nothing about 
the moa. One man, however, said the last nvoa was killed on the Waimea 
* Plains about five generations ago, and gave some very plausible details. 
There is just a possibility that one of the' smaller kinds of moa may have 
survived long after the big birds became -extinct, or that a very large 
kiwi was killed, but I dp not place absolute reliance on the tradition. 

One man said, “ Just a few chains below the Mataura Falls is Te- 
kohaka-a-moa (the nest of the moa). It is a round depression on a flat 
rock, and the old people thought it resembled a moa^s nest. They also 
found moa bones about it. Near Clinton is the hill Te-kohaka-a-pouakai 
(the nest of vouahai). The pouakai was one of the kinds of moa that 
lived in this land. A small sea-bird is now called pouakakai: but do not 
mix the name. The pouakai has not been seen for many generations ; 
the pouakakai is quite common yet.” From this, it appears that the 
southern Maori recognized that there were different species of Dinornis. 

The late Tare-te-Maiharoa, than whom there was no greater authority 
in recent years, was positive the moa was extinct when the Maori came, 
A.D. 1350. They were killed out in the South Island by the Waitaha, who 
caHed the birds pouakai. The name moa was given by the latest comers 
who saw the bones lying about. “ The Moriori of the Chatham Islands,” 
said Tare, were related to the Kati-Mamoe, but left New Zealand very 
long ago.” 

This accounts for the poua bird of Moriori traditions. It is simply the 
moa of New Zealand, which was probably on the point of extinction or 
already extinct when that people left this country. The last Maori note 
I have on the moa runs, “ I have heard a song which says the moa was 
killed out by karakia (tau-whaka-moe-tia) because it was a dangerous bird^ 
but hotv long ago I cannot say.” 

Insects. 

I understand that the question has recently been raised whether the 
flea was brought into New Zealand by European ships. I did not know 
of this inquiry in time to avsk my Maori friends what they knew of the 
matter, but may say that on Ruapuke Island there is a place known as 
Te Awatuiau (Flea Channel). Shortland in 1843 said tuiau was the 
southern name for the flea, the northern name being puruhi. One old man 
noticed a statement that the Maori name of the mosquito was waeroa, and 
said to me, “ Its name in the North might be wasroa, but in the South it 
was always known as keroa."" Noticing some insects as I was conversing 
with an old Maori, he supplied me with the following names : “ Our name 
for the bluebottle-fly was rako^ and for its eggs and maggots iro. Spiders 
vrQiQ pukau-werewere, and grasshoppers tuk^akau. The daddy-long-legs' 
name was te tatau-o-te-whare-o-Maui (the door of the house of Maui),, 
but I do not know how it got this name. A green kind of butterfly, a 
sort of cricket, was called kikiwaru, while the black and spotted butterflies 
are mokarakara. [He pronounced this mokalakala.] Then we used to 
have pekapeka (bats) in plenty, but I have not seen any of them for a 
long time.” The sandfly was called namu, and there is a place near Waiau 
mouth called Kai-namu (eat sandflies) because these pests were so numerous 
as to get into the mouth with the food that was l^ing eaten. I have a. 
further note that in the South the name of the ant was upokorua. 

3 — Trans. 
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Mushrooms. 

One of my informants said, “ One of the raids made by the southern 
]^ori' northward is called Kai-whareatua. It is not the. name of a fight 
but of a war expedition, and Tare Wetere te Kahu was in it. The 
Southerners had gone up to fight the North-Islanders and were returning, 
when they ran ashore, and were wrecked at the mouth of the Rakitata 
River. In the capsize all the food was lost, and the party found mush- 
rooms and ate them. Hence the origin of the name Kai-whareatua (eat 
mushroomsy. The word whareatua means a ‘devil house and that is the 
old Maori name of the mushroom.” Another old man remarked, “ Tare 
Weterfe was in the Taua-iti raid on Te Rauparaha, but I do not think he was 
at the Kai-whareatua raid, as, according to my information, it was before 
his time.” This opens up the interesting question. Were mushrooms indi- 
genous or introduced ? I consulted a lot of New Zealand works without 
result, and I asked qld settlers. One says that probably mui^hrooms were 
native, as they were to be found in the early days among the tussocks in 
the backblocks, but others consider that they will not grow without horse- 
manure. This belief Chamberses Encyclopa^ia classes as unreliable, and 
says that mushrooms were found growing over nearly all the world, a very 
fine edible variety being native to Victoria, Australia. If this be so, why 
not in New Zealand ? It is said that although the North Island Maori 
have plenty of names for fungi growing on trees they have none for field 
fungi— at least, so I understand. I therefore interrogated my aged Maori 
friends ip the South, with the following results : — 

“ Yes, there were mushrooms, but I forget their names.” 

“ The name of the mushroom was whareatua^ but I cannot say if they 
were here before the faheha came.” 

“ Mushrooms were not here all the time. You could see them only 
in their season. Their Maori name was whareatua 

“ There were three kinds of mushrooms. One was very small and thin 
in the bush and was called harore, and the others were called whareatua 
and were all sizes up to almost as big as a hat. One of these kinds was 
good to eat. Another thing like’ mushrooms was called weho, and was 
also good to eat. They all belonged to the ground. The Waitaha people 
brought fern -trees and fem-roots to eat, but no one brought the mushrooms. 
Another thing to eat came out of the ground after thunderstorms. It 
was called jpoketara. You would come out in the morning and see it. 
It was a round-like ball, and sometimes almost as big as a small football. 
It was wonderful how it grew so quickly. It had to be eaten at once — 
after a day it was no good. It could be cooked on the fire and tasted like 
a mushroom.” 

“ The wharealua was a mushroom on a long stalk and with a deep body. 
T am not sure if it was here before the white people. The poketara was 
a big, round thing, a sort of mushroom, but it had no opening ; it was all 
covered. It lasted only a short time, and then it would go into dust. 
I do not know the history of the raid known as Kai-whareatua.” 

“ Whdrecutua was the name of the mushroom. I do not know who 
brought them to New Zealand, but they were all over the country. They 
were like an umbrella in shape, but in late years I have seen what is a new 
sort to me, with thick stems and bunche4 tops, and for which I know no 
name. It is said the poketara comes down in thunderstorms. It has 
no opening at all, *and is white and round. When it becomes old the stuff 
inside turns into a powder and blows away. It sometimes grows as big 
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as your two fists together, but some remain quite small. There was also 
a small, round thing about the size of your i^umb, white or somewhat 
darker. An old fellow said it was good to eat, but I cannot think of iwj 
name. I once tried it. I placed it in a whena (roll) of bush flax and 
cooked it in an umu (oven). It had no taste, and was soft like a jujube.^’ 

This represents the information I gleaned about fungi. The jtoketara 
is possibly our “ puffball,” but that, and other queries, is now presented 
for discussion. 

Fern-tbees and Fern-root. 

Mention of the southern Maori eating mushrooms leads me on to the 
question of how they wrested an existence from Nature, whose inoods are 
sterner down here than in the more enervating North. They say the 
kumara did not flourish farther south than Banks Peninsula, but a northern 
opinion that they must have subsisted mainly on fem-root and fish did 
not meet with the approval of one old Maori, who told me that by the 
system of kaihauhai they could exchange titi (mutton-birds) and other 
things for kumara from Canterbury, and even get taro and hue from the 
North Island, In regard to the natural products of Otago he said, 

“ We had different kinds of fern-trees. The mamaku was not in this 
district, although it was over on Stewart Island ; but we had the pojfca, 
wheki, and katote. The leaves of the foka are white underneath, the 
kai(^ leaves are green on both sid^ and softer, while the leaves of the 
wheki are very rough and its stem very black. The iho (heart) of the 
katote is good to eat, but that of the others is bitter. I remember that 
three of us had a good feed of the heart of a katote at Opiriao (Sandy Bay, 
near Gatlin’s). Perhaps katote heart might make good jam — it had a sweet 
taste. 

“ Our name for fern-root was aruhe, and the leaves of the fern were 
called rau-aruhe. I remember once, at the south end of the Koau on Inch- 
Clutha, at a place called Pekeihupuku — the ihupuku was a big kind of seal 
and peke means its shoulder — eating fem-root. It was during the big 
flood of 1868, and we went back to the reserve and got fern-root and beat 
it on a big stone with a piece of iron. In the old days it was beaten with 
sticks and wooden clubs. When it was mashed we picked out the fibres 
and ate the rest, and it tasted good. It used to be mixed with whitebait, 
these tiny fish being beaten into it ; the name of the resulting mash was 
kohere-aruhe, Mr. Hay, an early settler, used to eat fern-root occasionally, 
both when he was among the Maori and at^ his own home.” 

Relative to eating tree-ferns, one of my informants related, “In the 
whaling days the brig ‘ New Hampden ’ was wrecked at the Bluff. She v 
was known to the Maori as ‘ Kai-mamaku ’ (to eat fern-trees) because once 
she ran into Te Ana-hawea (Bligh Sound) for shelter, and, food becoming 
short, the crew went ashore and cut some rmmaku, which they ate.” 

Some localities were renowned for the excellence of the fern-root growing 
there, one such place, I was told, being Pau-upoko, near Port Molyneux. 

Yarious Foods and Drinks. 

The old Maori who spoke to me about, fem-trees and fern-root continued, 
“ But we had another vegetable food too, and that was the kauru, the 
cooked root of the H (cabbage-tree). Sometimes these trees had a side 
shoot, and that was the proper kauru ; when it was taken the tree did not 
die, as it did if its root *(more-ti) was taken. If the kauru yoxx were eating 
3 * 
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was called more-ti you would know it was from that root only. Sometimes 
the people would leave a bit of the root in thie ground and in a few years 
another tree would grow in its place. The root could be cooked at an open 
fire or in an umu (oven). In the old days the umu in which the hawru 
was baked was often called a puna-ti, puna meaning a hole and ti being 
the cabbage-tree. It would cook quicker at an open fire, and its rough 
skin prevented it from charring, but it did not taste its best unless placed 
in an ipu (basin) and soaked in flax-honey {wai-Tcorari). Or the hauru 
could be taken and laid flat, and the flax-honey dripped on it, when it would 
absorb it. Then if you were travelling and were thirsty you could up-end 
your kauTU root and let the moisture trickle down your throat. This 
was called unu-wai-korari, and it was a good sweet drink. 

“ Anotljer food of the ancient times was prepared like this : Secure some 
kelp (rimu), the same as that dried for the poha-titi, and take it up-country 
to a place where tutu is plentiful. Gather tutu berries and put them in 
a putoro, a small flax bag very closely woven so that the seeds of the 
tutu cannot get through. Squeeze the bag, and the juice comes through 
and forms a good drink, called waitutu. Take an ipu, or wooden trough, 
put the 'kelp and tutu juice in it and boil by putting hot stones in. You 
can tell that the kelp is boiled enough by poking a stick into it and it falls 
to bits. Leave it till it is cold, and the result is a black-coloured jelly, 
called rehia, which was often eaten by the aid of an akapipi (mussel-shell). 

“ Waitutu was a good refreshing drink, although sweet. I remember 
once at Tuturau another Maori and I had a good drink of it. We held the 
putoro over our heads and wrung them and let the juice drop into our 
mouths, I never heard of any other drinks among the old people except 
waikorari, waitutu, and water. Besides the foods I have described we 
had berries of various kinds, such as the hua-kotukutuku (fuchsia), which 
were eaten raw, and mako berries, which came in their season. I also 
remember long ago eating snowberries in the Hokanui Hills. I think our 
name for them was tapuku.’^ 

Near Colac Bay is a small lagoon called Okoura, and I was told it was 
named after a man who was killed there. , Bulrushes grew in the lagoon, 
and their roots were gathered and eaten with the flesh of Koura. Bubush- 
roots were called ko-areare; they were mashed and formed an article of 
.diet with the old-time Maori, 

An old Maori said to me, ‘‘ In the North Island the fuchsia-berry was 
called konini, but down here both tree and fruit bore the same name — 
kotukutuku.^^ 

I have a further 'note that a berry which grows in swamps is called 
te r^ewa, but I cannot say if it is edible. 

, The Tutueau Reserve. 

Recently I was at the Tuturau Maori Reserve to dee my old friend 
Mrs. Gourlay (Told Reko) laid to rest in the burial-ground there. That 
evening Mr. Gourlay, a European, a keen observer of nature, told me 
some of the methods he had seen the Maori at Tuturau adopt in getting 
food. He has been fifty years in the district, the last forty-five of them 
in his present location, and following is a summary of his information. 

In rain or high winds the pigeons kept low in the bush, and the Maori 
. speared them with bird-spears made of manuka or horoeka (lancewood). 
The end of the spear was sharp-pointed and burnt l\ard, and seetned to 
go right through the birds if skilfully thrust. There was nothing attached 
to the spear. 
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Ducks were snared by placing nets across streams at the height to 
intercept the birds’ heads as they swam along. One morning Mr. Gonrlay 
saw a duck and all itS' brood caught in one. Some years ago he got his 
wife to make him an old-fashioned net for snaring ducks, and it was qujte 
efficacious. There was no fuss nor worry with the snare — the gun* was 
simply not in it with the noiseless net. 

The Maori used to go down to the swamp at Menzies Ferry and catch 
matuku (bittern) by laying snares for the birds’ feet on the paths they 
had made through the rushes. The bitterns made a booming noise at 
times, and the Maori said the birds did this when catching eels. The 
Maori caught pukaki (swamp-hens) in the same manner. 

He had never seen, or heard of, the Maori catching kotuku (white 
heron), as that bird was so rare, but it could no doubt be caught in the 
same way as the bittern. • 

Snares were also laid on the feeding-flats of the paradise ducks at 
certain times. When the birds were moulting and could not fly the 
Maori would get into the swamps after them and run them down. 

He had seen the Maori catch tui by covering a pool with branches, 
leaving an open space for the birds to drink. Snares were set round this 
open place and tui a-plenty were bagged in a good season. 

To catch kaka, a square, 8 ft. by 10 ft., say, was thatched over, the 
fowlers waiting underneath with a decoy kaka. The cries of this bird 
brought many others, and as they settled on the corner posts the snares 
affixed thereto made them captives. These were not killed at once, but 
added to the collection below. The bird could gnaw through green flax, 
so their legs were fastened with dry 'flax amid an appalling din. When 
enough were caught the birds were killed and preserved in kelp bags. To 
save the fat for this purpose the birds were cooked in a wooden trough 
with hot stones. Weka were often cooked in the same way. 

Various Birds and Fishes. 

Weka^ (woodhens) were caught by the familiar red rag and snare 
method. The snarer sat still, and as he caught each bird he bit the back 
of its neck to kill it and threw it behind him. This saved him wringing 
its neck, and was not only quicker, but it did not alarm or disturb the 
other birds. 

The Maori also killed the tiii (mutton-birds) by biting the neck. There 
was a knack in catching them. He had* heard that these birds would tear 
your hands to pieces with their beaks and feet if you tried to wring their 
necks. 

Kiwi were never at Tuturau, although they had frequented the Hokanui 
Hills. He had heard it said that the Maori would wait behind trees, and 
as the bird came pecking along he would hit it on the head with a stick. 

By the Mataura River, in the South Wyndham Bush, there used to be a 
shaggery, and he had seen a Maori bring away about two or three hundred 
young shags caught 'just before they were ready to fly. The big birds 
were too rank to eat. The Maori would not touch hawks — they were 
probably too rank also. 

In regard to fish, the Maori caught kamkanu (lampreys) in the river 
at Tuturau. They .built a wing-dam of logs, stakes, branches, and scrub 
across the river, except for a few feet where the “ pot ” was. The dam 
was anchored with big stones and the material woven with flax so as 
to stand big floods in the river. He had seen a “ pot ” 8 ft. wide by 3 ft. 



Transactions, 

ox 4 ft. deep, and when full of lampreys it had taken as many as six 
people to haul it out. It was made of fine flax, with vines as bows to 
strengthen it. This dam was quite close to the haihiy and during many 
years the people did not go to the falls at all, as they could get all the 
kdnakana they wanted so handy. 

He had seen a Maori put an eel-pot in the Upoko-papaii Creek and get 
as many eels as his horse could carrj^- — probably 2 cwt. of eels. The 
Maori also caught eels with bobs (mounu). These were made by sticking 
strips of flax through rushes {wiwi) and threading worms (noke) on. Eels 
cannot wriggle fast on dry grass, so this was spread by the fisher, and as 
the eels took the bob they were hauled on to the spread grass, where they 
were seized and threaded through the' gills on to a flax line ready to be 
carried away. He had seen old Pi catch eels by hand. The spring was 
blocked with tussock (patiti), and the water was to her hix^s, but she caught 
the eels round the gills and handed them out one by one. The eels the 
Maori ate were not the silver-bellies, which they thought too poor, but 
the big black fellows. 

The Maori did not like the kokopura, as it had too many bones. Koura, 
or crayfish, were caught by turning over the stones in creeks, and they 
were roasted on the embers. Kakahi, or fresh- water mussels, were found in 
some streams. 

In the Mataura River at certain seasons the Maori would net patiki 
(flounders) on the beaches. Mata (whitebait) were caught in .baskets of 
flax very finely woven. Inaka (minnows) were caught at the falls, and 
were spread on flax mats and sun-dried. When properly done they would 
last a long time. 

The kiore, or native rat, was nearly cream in colour, and was caught 
with a bent stick and loop. The rat would chew a string to get at a bait, 
and this r^eased the stick and the loop caught them. They were rolled in 
mud and baked in the fire, the mud bringing the skin off. Most Maori 
would not touch the pouhawaiki, or European rat. 

Tuturau was a very rich kaika in the old days. The bush swarmed with 
birds and the creeks with fish ; but, strange to say, the proper fern -root did 
not grow here, being brought from Otama and Tokanui. It was dug with 
the Maori spade. This was of wood, about 5 ft. long, and had a sort 
of scoop at the business end and a stick stuck out on one side for the 
foot of the digger to press. They were square at the end, and dug fairly 
well, being very vigorously used ; in fact, Mr. Gourlay thought that many 
an English spade would break if the same energy was used on it. * 

When he came to the reserve half a dozen trees were held to be sacred. 
These were all matai (black-pine), and it was perhaps because of the 
edible berries on them that they had been originally “ tapu-ed.” You 
could shoot or spear pigeons on them, but you must not put an axe near 
them. Pikiraki was the name of the red mistletoe on the ta^ai (beech), 
but the white mistletoe on the rata was called puawai. The Maori at 
Tuturau got mud from a swamp at Waimumu, and this made an excellent 
fast black dye. 

When eels were put out to dry and rain threatened, a shelter of tussock' 
or ti leaves was thatched over them. This shelter was called an uhi. One 
kind of whata (storehouse) was built up high, and you went up an arawhoia 
(lidder) to reach it. 

He would eat Maori preserved food even if it had mildew on it, as it 
would cause no harm ; but food preserved by Europeans was apt to go 
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bad quicldy and might poison any one not careful. The Mapri food was 
naturally cure^, kept well, and tasted sweet and good. 

The above is the essence of Mr. Gourlay’s information ; ' hut a grand- 
daughter added that she had recently visited the Bay of Plenty and 
noticed the following differences between the names of shell-fish there, and 
in Southland. What is called the pipi in the South is there called huhu, 
and what they call pipi is like a cockle, only with an oval shell and flatter, 
and they dig in the sand for it as the tide goes out. This shell-fish is called 
toheroa in the South. There is also a big, heavy shell like a very large 
cockle, which is called huakua in the North Island, but down round Foveauic 
Strait is known as lOhakai-a-tama. 

A pakeha who was brought up at Kiverton writes, “ Eels were taken 
with a spear. The fishermen waded and sought for the fish by poking 
about in the silt with their bare feet. When an eel was located by the 
Maori’s toe it was immediately secured with the spear, which was unerring 
in Maori hands. The Maori also used eel-pots in capturing their winter’s 
food-supply. These traps were made of manuka sticks, bound together 
with whitau (scraped flax), and made in cylindrical form, about 5 ft. long ; 
a netting of prepared flax, with an opening in the centre, was placed at each 
end of the cylinder. The two nets were attached to each other by means 
of a flax cord passing down the centre of the eel-trap. The fish, attracted 
by a bait of worms, pork, flesh, or fish of any kind, suspended midway in 
the eel-pot, were led by the sloping net to the entrance, passing in and 
becoming prisoners. The eels, after capture, were cleaned and dried in 
the sun, and then stored away for future use.” 

' Plant-life. 

StroUing through the bush and clearings one day with a venerable 
Maori, he gave me the names of a few of the plants. The shrub knpwn 
to the white people as the pepper-tree is called ramarama ; that known 
to the northern Maoris as koronniko is known in the South as kohmukal 
while the bush-lawyer is named tataraihikuy and a kind of bramble is 
tataramoa. The cutty-grass of the settlers was to the southern Maori 
known as matoreha, the biddy-bid as piripiri, and the nettle as okaoka (the 
island Pukeokaoka, near SteWart Island, simply means “ Nettle Hill.” 
The common native grass, he said, was called ma-uhu-ukuy the native 
mountain-grass pouaka, and the ordinary swamp-rushes mm. 

The southern Maori say that the patiti, al^-rauiaki, and other vegeta 7 
tion growing on the Takitimu Mountains have a peculiar scent of their 
own. A visitor took some to an old Riverton chief, who sniffed at it and 
said “ Ah ! ’tis Takitimu.” A legendary account says that the celebrated 
chief Tamatea brought these plants from Hawaikf in his canoe, Takitimu, 
twenty-two generations ago, and that he planted them on this mountain- 
range. 

Kohuwai, also known as kohuai, said 'one of my informants, is a green 
sort of weed or moss in the bottoms of streams, and a small creek between 
Waikawa and Chasland’s is called Wai-kohuwai because of its bed being 
so covered with this moss. 

After the Europeans introduced smoking the Maori would smoke a 
weed called kopata. They would, said an old man, make a bowl for a pipe 
out of wood, insert as a stem a reed of pukakaho, and puff away. This 
kind of smoking was called tiniko. Over at Stewart Island there iss a 
plant called punui with a leaf like a pumpkin. A boy dried and smoked 
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-^Ids leaf, and, gravely added the narrator, his mouth was turned inside 
pu^t. These leaves deceived another lad, too. He came frpm the North, 
when he saw the leaves thought he was going to feast on pumpidns, 
l)Ut he was disappointed. 

Haumata was the name of what are now called Maori-heads, said one 
old man, and upoko-takcUa was the name of a plant, possibly the snow-grass 
of the early settlers. Papaii was a kind of spear-grass, and the name is 
perpetuated in Upoko-papaii (“Sam’s Grief,” near Tuturau). Pukio was 
the Maori name of “ niggerheads,” and there is a stream beyond the 
Waiau known as Wai-pukio. The grass-tree was called nei in the South, 
and ManteU, writing im 1852, says they formed so. constant a part of the 
“ mosses ” or vegetation in swampy valleys — comprising mosses, lichens, 
sundews, grasses, shrubs — that the Maori called these mosses nei also. 

Legend says that the pihiraki was the last plant remaining in the kit 
of Tane, the forest god, when he sowed the forest. He looked at it tenderly 
and said, “ I cannot let my last child lie on the ground,” and that is why 
it is a parasitic plant perched high up on the big trees, a kind of mistletoe 
with red flowers. 

The common bush fern is turokio ; another kind of fern is the piupiuy 
and it is said the kakapo (ground-parrot) will bite it off at the base and 
hold the frond over its head to shield itself from observation. And this 
leads us to an interesting bit of folk-lore. 


A Folk-talc. 

The kakapo and the toroa (albatross), said my informant, had a disjmte 
as to who was to be “ boss ” of the land, and finally they agreed to decide 
the question by a test. They were to take turn about at hiding, to see 
which had the greater success at finding the other. A piece of open land 
with very little cover was selected, and the toroa hid first, but his white 
plumage was too conspicuous and he was found almost at once. “ I will 
hide again,” he cried, “and this time you won’t find me.” But alas for 
his hopes ! his opponent found him with very little trouble. Then the 
kakapo took his turn at hiding, and lay down on a bare place with a piupiu 
fern over his head. Search as he might, the toroa could not find his wily 
rival until the latter laughed aloud, the sound disclosing his whereabouts. 
“I will hide again,” he said, “‘on that bare patch over there, and this 
time you won’t find me.” The cunning bird again used piupiu to avoid 
detection, and again the toroa, search as l^e might, failed to discover his 
rival. He flew backwards and forwards over the place as low as possible, 
but all to no purpose — his quest was in vain. Having been so unsuccessful, 
the other birds decided that the toroa was not a fit and proper bird to 
dwell on land, so in deepidisgrace he was banished to the wide oceans and 
there he is now to be found. 


Potatoes and Introduced Plants. 

Potatoes, introduced by Europeans, were early grown in the South, for 
in the late E. McNab’s Murihiku we read that in 1813 there was “ a field 
of considerably more than 100 acres which presented one well-cultivated 
bed, fifled with rising crops of various ages, some ready for digging, while 
ottiers had been but newly planted.” This was inland from Bluff Harbour, 
and it was also recorded that “ a spike nail would buy a hundredweight 
of potatoes” from the Maori. One of my old Maori friends said. 
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^oreta was the name of the old variety of potatoes which the whalem 
brought, A black variety was called, I beUeve, mangumangu in the NortJiu 
but we called it ^tatairako in the ^uth. A potato wluch was veined 
inside was named ropi, while our jaame for the Derwent was pihaulcem,^^ 
I was also told about Te Pubho’s raiders reaching Tuturau in 1836— ‘‘ It 
jnust have been about Christmas, for the early potatoes were just rip© 
enough to eat and the invaders had a fine feed after their starvation trip.” 

The early settlers in Otago found “ Maori cabbage ” growing wild. The 
Maori gave me the name of this as pom, and further said that a kind of 
turnip had grown wild in Central Otago, their name for it being kawakawa. 

One old Maori said, “ In 1869 I was eeling at Longford (now Gore) and 
was engaged to help harvest 30 acres of oats. Among it I saw a jaggy 
plant and L wondered what it was. It. was the first time I had ever seen 
thistles.”- • ^ . 

An old settler teUs me the “ Maori cabbage ” was simply a degenerate 
swede turnip. The leaves were turnip-leaves ; the body was a thin wiry 
root and uneatable — it was the leaves which were eaten. From the 
description of the kawakawa it is surmised to have been kohlrabi growing 
wild but not yet degenerated. 

Shell-fish. 

I did not get very much information about shell-fish, although we know 
that, judging by the middens left by th© Maori, ^ such were eaten with 
avidity. The correct name of the Wailmka Eiver, I was told, was Waikakahi, 
so called because of the number of kakahi, or fresh- water shell-fish, in its 
waters. The names of salt-water shell-fish are perpetuated in the place- 
names Hakapupu (in northern dialect Whanga-pupu — “ Periwinkle Har- 
bour ”) and Kaipipi (“ eat shell-fish ” — ^the kind usually called the cockle). 
Hakapupu is the Maori name of Pleasant River, near Waikouaiti, and 
Kaipipi is at Stewart Island. A kind of mussel (kutai) is mentioned in one 
tradition as furnishing tbb relish {kinaki) for a cannibal feast. The eating 
of the pawa or paua (mutton-fish — a univalve) is also mentioned in the 
history. One of my informants ^said there was a thread in the limpet 
(kaki), and this was said to represent the line which Maui was using when 
he fished the North Island out of the deep. 

One old Maori mentioned oysters, and he thought they had been 
brought by Captain Howell to Port William, and from there had spread 
to Foveaux Strait. The story runs that about 1839 Howell brought over 
some sacks of oysters from Australia as a treat to his men at Riverton, 
but adverse weather compelled him to toss the sacks overboard off Bluff, 
and that this was the nucleus of the extensive bed there now. I should 
like to know if oysters propagate sufficiently fast to render this account 
feasible. - • ' , 

Paints and Dyes. 

Looking through my notebooks, I see casual references to paints and 
dyes, but really so little it is scarcely worth mentioning. Onp of the old 
Maori said that some of the people who came on the Arai-te-Uru canoe, 
about twenty-seven generations ago, were skilled workmen — at cultivating 
the kumara, at carving, &c. One in particular brought red paint wit^ 
him, but ^n exploring the land he dropped it in the hills east of La]^ 
Kaitangata, and hence those hills are famous to this day for yielding the 
haematite stone from which the Maori got their red paint. It is said that 
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of these hills bears quite a big hole made by generations of Maori in 
iearch of mauhoroa (also known as horu — red paint). One old man said, 
The Kati-Mamoe used to put red paint on their faces. They knew only 
two paints — mauhoroa (red) and a blue^ paint whose name I forget. The 
red paint and the hoaha (stone used as a grindstone) were brought to this 
land from Hawaiki.” I am sorry I did not get a description of how the 
paint was made. I was also told, “ Maraki is a red-yellow clay found at 
Waikouaiti and used for seaming canoes.*^ ' 

An old woman said, “ Kiakia is. the name of a creek at Woodside, near 
Outram, and it runs into Lee Creek. It is so called because of the kiahia 
which grew there. The kiakia is a small bush-like spear-grass or grass- 
tree, and the Maori went there to get it. They soaked it with the bark 
of the fokaka tree and a dye resulted.” 

“ There is a swamp near Paterson’s store at Port Molyneux called 
Tukoroua,” said another of my informants, “ and that little spot is famous 
for the dye it produces. The Tukoroua Swamp is the only place in South 
Otago where the proper kind of paruparu, or black mud, for dyeing whitau 
(prepared flax-fibre) can be found. The mud found elsewhere would turn 
the whitau red or rusty looking, but the Tukoroua mud made it a beautiful 
black. You could wash it with the best soap and you would never get 
that black out. Such a reputation had this place that people would come 
down from the North to get their mats treated with the dye from this 
swamp.” 

A creek in Southland is called Opani because .on its banks the Maori 
; got earth suitable for making red paint (pani), and the name of the hill 
north of Kaitangata where the red ochre was procured is Te-horo-maukoroa. 
I was told that a tree called makatoatoa was no good for timber and that 
the Maori extracted the sap from its bark for dye, but J do not know what 
its European name is. 

Ii^TBODUCED Animals. 

' One or two of my Maori friends casually mentioned some of the animals 
introduced into this land. It is well known that the southern Maori call 
the mouse hinereia (henrietta) because a vessel of this name (“ Elizabeth 
Henrietta ”—1823) introduced these little creatures to their notice, but 
why they call a cat naki I could not ascertain. 

Some of the old people are not pleased with the introduction of vermin 
to Maoriland. They blame the ferrets, weasels, and stoats for largely 
helping to kill out the native birds, and the fact remains that although 
Stewart Island has been settled by white men, with their dogs roaming 
about too, for many years, bird-life is still fairly plentiful. Thus in 1918 
in Oban, the principal settlement, I saw the kereru, or native pigeon, and 
heard the weka^ ot woodhen, calling. One old man said that if any one 
attempted to take vermin to Stewart Island he hoped he would be caught ; 
and he further expressed the bloodthirsty wish that the delinquent would 
be slcJwly done to death in boiling oil. 

It is generally conceded that Captain Cook introduced the pig to New 
Zealand, but the late Tare-te-Maiharoa told me 4;hey knew the animal 
ti^tionally, and they called it poaka. He "said it was mentioned in tk 
history very far back. I have pad that poaka is a corruption of the 
EngHsh word “porker,” but against this we must remember that those 
Pnlvnesians who had pigs when Cook visited the ^uth Sea islands called 
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the animals puaka. A European who went pig-huntiiig with the Maori 
in the “ fifties ” says their custom was to get astride the pig and stick it 
upwards. 

, Detached Information. 

I find I have a collection of stray notes which I do not seem able ; 
to incorporate with the other sections of this paper, so will include thefn 
here. 

Koura . — The crayfish found in inland streams and in the sea were both.; 
called koura, as far as 1 know. A stream north of Gore is Kai-koura (to 
eat crayfish) and Wai-koura is quite a common place-name. The Maori 
had a peculiar method of treating cra 3 rfish. They would place them across 
a stream of fresh running water as tight as they could pack them, having 
them so fastened they could not escape. After they were dead some time 
the crayfish were, I understand, taken out and dried. A small creek in the 
gorge of the Taieri Eiver near its mouth was described to me as a place 
where crayfish had been thus treated in the old days. A place nea» 
Tautuku is called Hiri-koura, and I was told it meant the place where 
crayfish were fastened. The usual meaning of hiri (or whiri) is to plait 
or twist. 

Kaio (or, as called by the northern- Maori, ngaio) is a well-known 
curiosity — half plant, half animal — that was eaten by the Maori. Whare- 
kaio is the name of a beach and landing-place near where the “ Tararua 
was wrecked, near Fortrose. My informant said, “ The kaio fastens one 
end of itself to the rocks and the other end is like a spud. You take this 
knob and soak it all night and eat it.” A European who has boiled and 
eaten them says, “They taste like a boiled egg flavoured with oil, and* 
have a very good flavour. The taste must, however, be acquired.” 

Nets . — Although I have very little information about nets, I append 
the few items gleaned. Loveirs Creek was known to the Maori as 
^ Tuakitata, after a kind of fishing-net. This style of net (tata) was made 
in the shape of the cockle-shell called tuaki. Other kinds of nets were 
called kaka and houka, whilst two kinds of snares for netting birds were 
called mahaka and here. 

Primitive Appliances . — When the southern Maori finally abandoned 
their old methods and adopted European ones I cannot exactjy say, but 
here are some notes concerning the Maori at Tuturau in the “ 6ties.” 
In 1852 old Reko was working at a pine log, 26 ft. long, with a stone adze, 
trying to hollow out a canoe. Then he got an old chisel from some white 
man, but was not making much progress, and finally two Europeans^ 
completed the dug-out for him. In 1853 Mr. Chalmers left Tuturau with 
Reko and Kaikoura on an exploring trip, the white man carrying a gun, 
and the two Maori had eel-spears and a stick about 6 ft. long with a big 
^sh-hook tied to one end. They carried no provisions, but lived on the 
country they traversed. The three walked the whole trip in paiiaerae < 
(sandals) made of flax and cabbage-tree leaves, the latter far and away 
the more durable. In 1854 old R^eko would go eeling with a large hook 
tied to his wrist and lying on the palm of his hand so when his hand felt 
an eel he had only to pull it forward to have the eel hooked. Writing 
in 1854, Mr, Mieville says, “ Old Reko scorned matches, and had a light 
from his firesticks nearly as quickly as I did. He rubbeid a pointed stick ^ 
in a groove in another stick. . I never could get fixe, but the Maori does^ 
so at once.” . 



' ^6 Tramaetitmi. y 

Maori Cooking, — One of my informants said he greatly preferred food 
. ’Cooked by the old Maori methods to those introduced by jfche •pakefiay 
I although he had not enjoyed the former for years now. European cooking, 
he said, took the strength out of flesh or fish, whereas the umuy or earth 
Voven, preseiwed all the natural virtue and flavour. What better than to 
wrap the food in nice green flax-leaves and let it steam in an nmu ? He 
considered even the method of toasting food before a fire on a kohiku or 
stick was preferable to frying in a pan or roasting in a stove. Some of 
the superstitions connected with cooking continued after the white people 
came, and the operation would be done outside, the women who had been 
cooking changing their dress before coming in and eating. 

Preserving food.— The same Maori went on to draw my attention to 
the excellence of Maori methods of preserving food. Anything cooked 
was called paka, and you could get paka-weka, paka4iti, and so on. 
These birds have been cooked and then preserved in their own fat. The 
^eat receptacle for these preserved foods was kelp which iiad been made 
iiito the familiar poha. My informant considered that kelp possessed 
some special quality in preserving the taste of what it held, and said he 
had heard there was a proposal to send butter away in kelp bags. He 
thought if such was done the butter woiild keep its taste and quality better 
in hot weather than under the present system. 

Not all food' was preserved in the foregoing manner, some being dried 
uncooked. The hapuku, or groper, was sometimes cut into strips and 
treiated this way, the flesh being then called maraki. One old man gave 
mfe some maraki to chew, but my tastes were not sufficiently educated 
in what pleases the Maori palate for me to ask for a second helping. 

‘ The Maori Quail. — One of my informants mentioned the koreke^ or Maori 
quail, but unfortunately I, omitted to ask how the Maori caught them. 
These birds were teeming in Otago when European settlement began, and 
it is hard to realize the countless numbers of them that existed ; yet when 
the diggings broke out this beautiful bird vanished as if it had never 
been. An old settler who has eaten dozens of them says he never found 
berries inside them ; they had no gizzards, and apparently lived on beetles 
and insects. 

Boh Fishing. — One' of the old Maoris mentioned catching eels with 
a bob. Some frayed strips of flax were attached to a stick, and large worms 
were threaded on the flax strands, which were looped up, and then the 
baited mass was dangled in the water. If a tug is felt the fisherman flicks 
out the eel before it can disentangle its teeth from the bob. I have not 
learned whether the Europeans copied this from the Maori, or vice versOy 
but somebody may be able to supply the information. 

Medicinal. 

An old Maori said to me, “ A good remedy for colds and sore throats 
is to steep goai {kowhai) bark in boiling water and drink the infusion. It 
has to be taken fresh, as it will not keep, although perhaps spirits would 
act ks a preservative. The bark is taken only from the sunny side of the 
tree, and its removal does not kill the tree. My neighbours and I all keep 
a stock of the bark handy:’^ A well-known Maori remedy for diarrhoea 
is the leaves of the kokomuka, or New Zealand veronica, and it is used by 
races now. It is said that in the old days the Maori who suffered 
toothache — a rare complaint among them — stuffed the gum out of 
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the flax into the holes in the offending molars a^ a palliative. According 
to a southern Maori, a water-plant called the rum was applied to the skin 
of sufferers from ringworm. It is said to be a sort of water-lily, and the 
Wairuna Stream derived its name from it. 

The ancient people of the South Island, said one Maori, were skilled in j 
the use of shrubs and herbs. They had known a cure for consumption, 
but now it is so much needed the shrub cannot be found — the white man’s 
fires and cultivation seem to have destroyed it. This shrub is said to 
have grown on the Canterbury Plains. 

I was reading lately of a herb, called “ dortza,” which the American 
Indians asserted would cure influenza, pneumonia, and incipient consumption. 
Tests by medical men were to the effect that it had done remarkable work 
in many cases. 

The claim by southern Maori that they had once known such a herb 
seemed to me^ noteworthy one, and the fact was told to me years before 
the fame of dortza got spread by the Press. 

The Old Order Changes. 

A thoughtful old full-blooded Maori, in saying adieu to me last time 
I visited him, remarked, “ The Maori knew how to gather his food from 
of old, and it suited him, and he raised a vigorous race. Look at him 
now ! There are few middle-aged and few young people ! Why ? It 
is largely ignorance of food-values. It takes a lot of food to maintain 
a Maori in health. In the old days he could eat as many fish and birds 
as he wanted, and all beautifully cooked in the earth-ovens. Using 
European foods, he does not know how much to use, or how to cook it 
properly. He eats it half-prepared or in insufficient quantities, and by 
not keeping his strength up throws the way open to consumption and 
wasting diseases. The hope of the Maori is education. The old people 
had not learned through generation after generation to be farmers or 
roadmakers and they could not settle to work as the young can. 

I always urge the young to learn to read and write and get knowledge. 
A young woman in the ' Icaik ’ had a little boy ill and gave him castor- 
oil ; and this not working quickly enough, she gave him Epsom salts. 
The boy became worse, and a friend raised the money to take the boy to a 
doctor, who said the two medicines combined formed a poison, and that 
if the boy had not been brought then he would soon have died. The 
doctor gave a corrective remedy and the boy recovered. In the same 
way I reckon want of knowledge is causing many Maori to eat wrong food 
or to prepare it wrongly and so to slowly poison themselves, or, at any rate, 
to undermine their constitutions. I have often told the people this, but 
my words have received little attention. It is impossible to go back to 
native foods, as these have been mostly destroyed by civilization, so the 
people must read the proper books to learn how to thrive on the proper 
European food. The Maori girls should all be taught housekeeping, the 
proper value of food and how to cook it, as I am convinced this is the only 
way to save our race.” 








A»t- XIV . — The Mission of the “ BnUmart” at Akaroa, in August 

1840. 


By Johannes C. Andeesen. 

IBead before ihe Historical Section of the WeUin^n Philosophical Society^ 20th May 
1919 ; received by Editor, 19th June, 1919 : issued separately, 10th Jum, 1920,] 


The British Government, though constantly urged by the New Zealand 
Company, had persistently refused to recognize New Zealand as a British 
colony, or even as a possession of the Kingdom. The company, therefore, 
in order to force the hand of the Government, despatch^ the “Tory” 
for Port Nicholson (afterwards named Wellington) on the 12th May, 1839, 
for the purpose of purchasing land from the natives and forming a 
settlement, the first colonists to follow almost at once. This forced the 
Government into unwilling action, and an Imperial Proclamation was 
issued on the 15th June, 1839, extending the boundaries of New South 
Wales so as to include portions of New Zealand ; and on the 13th July 
of th^ same year Captain Hobson was appointed Lieutenant-Governor 
“ of any territory which is or may be acquired in sovereignty by Her 
Majesty ip New Zealand.” Among other instructions issued to Captain 
Hbbson by Lord Normanby was one to the effect that he should endeavour 
to persuade the ‘ chiefs of New Zealand to unite themselves to Great 
Britain ; he was also to establish a settled form of civil government, with 
the free and intelligent consent of the natives expressed according to their 
established usages ; to treat for the recognition of the sovereignty of Her 
Majesty ^over the whole or any part of the Islands ; to induce the chiefs 
to contract that no lands should in future be sold except to the Crown ; 
to announce by Proclamation that no valid title to land acquired from 
the natives would thereafter be recognized unless confirmed by a Crown 
grant ; to arrange a commission of inquiry as to what lands had been 
lawfully acquired by British subjects and others ; to select and appoint a 
Protector of Aborigines. 

Captain Hobson left in the “ Druid ” for Port Jackson, where he 
arrived on the 24th December, 1839. On the 14th January, 1840, Sir 
George Gipps, Governor of New South Wales, administered the oaths to 
Captain Hobson, making him Lieutenant-Governor of New Zealand. He 
also, in accordance with the instructions of Lord Normanby, issued three 
Proclamations — ^the first extending the boundaries of New South Wales 
to include any territory which then was, or might thereafter be, acquired 
in sovereignty by Her Majesty in New Zealand ; the second appointing 
Captain Hobson Lieutenant-Governor ; the third declaring that all purchases 
of land from the natives thereafter would be invalid unless supported by a 
Crown grant. 

The new Lieutenant-Goyemor arrived in the Bay of Islands on the 
29th January, 1840, where he next day read his commissions before the 
people assembled. As a first step towards testablishing the sovereignty of 
Her Majesty he called together the natives^ and on the 5th. February, 1840, 
were commenced the negotiations which, on the following day, resulted in 
the Treaty of Waitangi being signed by forty-six principal chiefs. Others 
signed it, or authorized copies of it, in various parts of Jbhe Islands at 
later dates, the aggregate number of, signatures obtained being 512. Being 
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attacked by parajysis, the Lieutenant-Governor was disabled from travelling 
to obtain the signatures personally, and he deputed Major Bunbury, to 
visit parts of the North Island, and also the Middle and Stewart Islands^ 
for that purpose. Major Bunbury sailed in H.M.S. “ Herald,” ^th 
instructions, dated 25th April, 18^, to obtain signatures at all placea 
possible, and to visit such places as he mifeht deem most, desirable for 
establishing Her Majesty’s authority. 

In reporting the results of his mission Major Bunbury stated that he 
had, on the 5th June, 1840, proclaimed the (Jueen’s authority, by right of 
discovery— no natives being there met with — ^at Southern Port (Stewart 
Island) ; and at Cloudy Bay (Middle Island) on the 17th June, the 
sovereignty at this place having been ceded by the principal chiefs signing 
the treaty. 

Writing on the 25th May, 1840, to the Secretary of State for the 
Colonies, Lieutenant-Governor Hobson concluded his despatch by saying 
that without waiting for Major Bunbury’s report he had, on the 2l8t May, 
1840, proclaimed the sovereignty of Her Majesty, owing to affairs at Port 
Nicholson pressing him so to do, over the North Island in accordance 
with the consents given by the natives in the treaty, and over the southern 
islands by right of discovery. This despatch was acknowledged and 
approved by Lord John Bussell, and the Proclamations making the islands 
subject to Her Majesty were inserted in the London Gazette, New 
Zealand was at the time promised a. charter of separate government, 
which charter was sent on the 9th December, 1840. Lest, however, the 
proclamation of sovereignty over the Middle Island “ by virtue of 
discovery” should be considered either insufficient or illegal, the Queen’s 
authority was again proclaimed over it by Major Bunbury on the 17th 
June, 1840, by virtue of the Treaty of Waitangi. This same proclamation 
was also made at Cloudy Bay, and Captain Nias, of H.M.S. ‘‘ Herald,” 
landed with a party of marines to honour the occasion, twenty-one guns 
being fired from the ship. 

Sir George Gipps, writing to Lord John Russell on the 24th July, 1840, 
reported that Major Bunbury appeared to have carried out his instructions 
very satisfactorily. He says, inter alia, “ §|ne of the places visited by 
the ‘ Herald ’ was Banks Peninsula, the spot at which it has been said 
that a settlement is about to be made by a company formed in France. 
Of this company, however, and of its proceedings I know nothing, save 
what I have derived from English newspapers.” The French discovery- 
ships “Astrolabe ” and “ Z616e ” were at Banks Peninsula in April, 1840 ; 
they knew of no project for forming a settlement there, and, indeed, 
thought the locality a disadvantageous and undesirable one for such a 
purpose. . ■ 

Strong feeling had been excited in France by the publication in London 
of the instructions to Captain Hobson when he was sent out as Lieutenant- 
Governdr to New Zealand, The French Press teemed with calls on their 
Government to take steps similar to those the British Government pro- 
posed to adopt, and to take a share in the colonizing of New Zealand, 
as a country open to aU nations. Mr. E. Gibbon Wakefield, giving 
evidence on the 17th July, 1840, before the Select Committee on New 
Zealand affairs, stated that he had received as many as forty different 
French newspapers containing comments on Captain Hobson’s instructions. 
The French Chamber ^of Commerce aI|io petitioned the Government, and 
from all this excitement sprang a project for sending French colonists 
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and establishing a French colony in New Zealand. Matters connected 
with this project were conducted by a company calling itself the Nanto- 
Bordelaise Company. A certain Captain Langlois had, on the 2nd August, 
1838, made a provisional purchase from Tuaanau and other natives, of 
the greater part of Banks Peninsula, paying a deposit in commodities 
valued at £6, further commodities to the value of £234 to be paid at a 
later period. They were so paid, but not until the arrival of the French 
colonists in August, 1840. Consequently, owing to the Proclamation of 
Governor Gipps above referred to, the purchase was, strictly speaking, 
illegal, and need not have been recognized by the Crown at all. Captain 
Langlois sold part of his interest to the Nanto-Bordelaise Company, and 
on the 9th March, 1840, sixty-three emigrants left Rochefort in the 
“ Comte de Paris,’’ an old man-of-war given by the French Government 
for the purpose. 

Another man-of-war, the “Aube,” under Captain Lavaud, was sent 
as escort, and also to take possession for the French Government and 
protect the colonists on their arrival. The captain, in order to consult 
the Roman Catholic bishop resident there, sailed for the Bay of Islands, 
arriving on the 11th July, 1840. Certain proceedings took place subse- 
quently to her arrival, \^ich have given rise to the romantic account of 
the “ taking possession ” at Akaroa. It is said that the captain in an 
unguarded moment revealed the object of his presence in New Zealand 
waters, whereupon the “ Britomart ” was secretly despatched to forestall 
the French by taking possession of the South Island at Akaroa. Lavaud 
was obliged to make some mention of his mission in order to explain his 
presence in the bay, and was placed in an extremely awkward position 
when he was told that the whole of New Zealand, including the South 
Island, had been proclaimed a possession of the British Crown. At the 
time he left France New Zealand was still a No Man’s Land ; and he had 
had two separate instructions — one to protect the French whaling industry 
in the southern waters, the other to prepare Akaroa for the reception of 
the emigrants by the “ Comte de Paris,” part of such preparation being 
the annexation of Banks Peninsula or further territories on behalf of 
France. He knew nothing even of the appointment of Hobson as 
Lieutenant-Governor, and he^as at’ first disposed to refuse . recognition of 
his authority. 

Hobson appreciated his difficulty; and in order partly to safeguard 
such British interest in the peninsula as had been established, partly to 
convince the French that the territory was undoubtedly regarded as 
British, he despatched Captain Stanley with two Magistrates to hold Courts 
at Akaroa and other places on the peninsula. The following is a copy 
of the instructions to Stanley: they are printed in part in Rusden’s 
History of New Zealand, though not in the printed collections of official 
documents : — 

Government House, Bussell, « 

Sir, — Bay ol Islands, 22nd July, 1840. 

It being of the utmost importance that the authority of Her Majesty should be 
most unequivocally exercised throughout the remote parts of this colony, and more 
particularly in the Southern and Middle Islands, where, I understand, foreign, influence 
and even interference is to be apprehended, I have the honour to request you to pro- 
oeed immediately in H.M. sloop, under your command, to those islands. 

On the subject of this commission I have to request the most inviolable secrecy 
from all except your immediate superior officers, to whom it may be your duty to report 
your prooeedmgs. 

The ostensible pu^ose of your cruise may appear to be the conveyance of two 
magistrates to Port Nicholson, to whom I will elseii^re more particularly refer. The 
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real object to which 1 wish particularly to call your attention is tb defeat l^e move- 
ments of any foreign slup of war that may be engaged in establishing a settlement ih : ; 
any part of the coast of New 25ealand. 

There are various rumours current that Captain Xavaud, of the French corvette ^ } 
“ L’Aube,’* now at anchor in this port, is employed in the fmrtherance of designt^itaich 
as I have before mentioned. From some observations that fell from him, I discovered 
that his intention was to proceed to the sonthem islands, being under the impression 
that the land about Akarbh and Banks Peninsula, in the laddie Island, is the properly 
of a French subject. These circumstances, combined with the tone in which Captain - 
Lavaud alluded to Akaroa and Banks Peninsula, excited, in my mind, a strong pre- 
sumption that he is charged with some mission in that quarter incompatible with the 
Sovereign rights of Her Britannic Majesty, and which, as I have before observed, it will 
be your study by every means to frustrate. 

If my suspicions prove correct, “L’Aube” will no doubt proceed direct to 
Akaroa and Banks Peninsula, for which place 1 have earnestly to request that you will 
at once depart with the utmost expedition, as it would be a point of the utmost con- 
sideration that, on his arrival at that port, he may find you in occupation, so that it 
will be out of his power to dislodge you without committing some direct act of hostility. 

Captain Lavaud may, however, anticipate you at Akaroa, or (should he be 
defeated in his movements) may endeavour to establish himself at some other point. 

In the event of either contingency occurring, I have to request you will remonstrate 
and protest in the most decided manner against such proceeding, and impress upon 
him that such interference must be considered as an act of decid^ hostile invasion. 

You will perceive by the enclosed copy of Major Bunbury’s declaration that ' 
independent of the assumption of the sovereignty of the Middle and Southern Islands, 
as announced by my proclamation of the 21st May last fa copy of which is also 
enclosed), the principal chiefs have ceded their rights to Her Majesty through that 
officer, who was fully authorised to treat with them for that purpose; it will not, 
therefore, be necessary for you to adopt any further proceedings. It will, however, 
be advisable that some act of civil authority should be exercised on the islands, and 
for that purpose the magistrates who accompany you will be instructed to hold a 
court on their arrival at each port, and to have a record of their proceedings registered 
and transmitted to mb. 

You will by every opportunity which may offer forward intelligence of the French'* 
squadron’s movements, and should you deem it necessary, to the Secretary of State 
tor the Colonies through the Admiralty and to His Exceffency <Sir Ceorge Gipps, 
Governor of New South Wales. 

Mr. Murphy and Mr. Bobinson, the magistrates who accompany you, will receive 
a memorandum of instructions for their future guidance, which you will be pleased 
to hand to them w'hen you arrive at your destination. 

As your presence in these islands will be of the utmost importance to keep in check 
any aggression on the part of foreign Powers, I have earnestly to request that, should 
you require any further supply of provisions the same may be procured, if possible, 
at Port Nicholson, or at any of the ports on the coast, without returning' to Sydney. 

I have the honour to be. Sir, 

Your most obedient servant, 

W. Hobson. 

The instructions to the Magistrates are not copied by Rusden ; thtey 
and the above were, however, discovered in the Public Records Office in 
London by Mr. Guy H, Scholefield, London correspondent of the Press. 
The instructions were addressed to Mr. Murphy, whose name appears first 
in Stanley’s instructions, he, not Robinson, being apparently the senior 
officer. They were as follows : — 

Memo, or Insteijctions to be attended to by Mr. Mtjrphy, P.M. 

You will, at every port that H.M. sloop “ Britomart ” touches at, act in your 
magisterial capacity, and, as it is requisite that the civil authority should be strictly 
exercised, should no case be brought under your notice, you will adjourn from day to 
day, and a careful record of your proceedings be registei^, a copy of which you will 
transmit to me. - 

Under any circumstances that Captain Stanley may call upon you for assistance , 
you will, of course, render it, and co-operate generally ^th him in the advancement of 
any measures he inay think it expedient to adopt. 

Dated at RusseU, 21st July, 1840. 



Transactions. 


The following is a copy of Captain Stanley’s report> dalted 17th 
September, 1840 : — 

I have the honour to inform your Excellency that I proceeded in Her Majesty’s 
sloop under ray coraraand to the port of Akaroa, in Banks Peninsula, where I arrived 
on August 10th after a very stormy passagp^ during which the stem boat was washed 
away and one of the quarter-boats stove. The ftench frigate “ L’Aube ” had not 
arrived when I anchored, nor had any French emigrants been landed. August lltb 
1 landed, accompanied by Messrs. Murphv and Bobinson, police magistrates, and visited 
the only two parts of the bay where there were houses ; at both places a dag was 
hoisted, and a court, of which notice had been given the day before, held by the 
magistrates. Having received information that there were three whaling-stations on 
the southern side of the peninsula, the exposed positions of which afforded no anchorage 
for the “ Britoraart,” 1 sent Messrs. Murphy and Robinson to visit them in a whale- 
boat. At each station the flag was hoisted and a court held. On August 15th the 
French frigate “ L’Aube ” arrived, having been four days off the point. On August 
16th the Frencli whaler “ Oomte de Paris,” having on board fifty-seven French 
emigrants, arrived. With the exception of M. Belligni, from the Jardin des Plantes, 
who is sent to loojk after the emigrants, and who is a good botanist and mineralogist, 
the emigrants are all of the lower order, and include carpenters, gardeners, stone- 
masons, labourers, a baker, a miner — m all thirty men, eleven women, and the rest 
children. Captain Lavaud, on the arrival of the French emigrants, assured me on his 
word of honour that he would observe strict neutrality between the English residents 
and the emigrants, and should any difference arise he would settle matters impar- 
tially. Captain Lavaud also informed me that, as the “ Combe de Paris ” has to proceed 
to sea, whaling, he would cause the emigrants to be landed on some unoccupied part 
of the bay, where he pledged himself they would do* nothing which wr)uld be con- 
sidered hostile to the Government, and that until fresh instructions wore received from 
our respective Governments the emigrants would merely build themselves houses for 
shelter and clear away what little ‘land they might require for gardens. Upon visiting 
the Comte de Paris ” I found she had on board, besides agricultural tools for the 
settlers, six long 24-pounder8, mounted on field carriages. I immediately called on 
Captain Lavaud to protest against the guns being landed. Captain Lavaud assured 
me that be had been much surprised at finding guns bad been sent out in the “ Comte 
de Paris,” but that he had already given the most positive orders that they should 
not be landed. On August 10th, the French emigrants having been landed in a 
sheltered well-chosen part of the bay, where they could not interfere with anyone, 
I handed over to Messrs. Murphy and Robinson the instructions entrusted to me by 
ydUr Excellency to meet such a contingency. Mr. Robinson, finding that he could 
engage three or four Englishmen as constables, and having been enabled, through the 
kindhess of Captain Lavaud, to purchase a boat from the French whaler, decided 
upon remaining. Captain Lavaud expressed much satisfaction when I informed him 
Mr. Robinson was to remain, and immediately offered him the use of his cabin and table 
so long as the Aube ” reniained at Akaroa. Mr. Robinson accepted Captain Lavaud’s 
offer until he could establish himself on shore. On August 27 tb I sailed from Akaroa 
to Pigeon Bay, where, finding no inhabitants, I merely remained long enough to survey 
the fiirbour, which, though narrow and exposed to ,the westward, is well sheltered 
from every other wind and is much frequented by whalers, who procure a great 
number of pigeons. From Pigeon Bay I went to Port Cooper, where Mr. Murphy hel^ 
a court. Several chiefs were present and seemed to understand and appreciate 
Mr. Murphy’s proceedings in one or two cases that came before him. Between Port 
Cooper and Cloudy Bay I could hear of no anchorage whatever from the whalers who 
frequented the coast. I arrived at Port Nicholson on September 2nd, embarked Messrs. 
Shortland and Smart, and sailed for the Bay of Islands on September 16th. I have the 
honour to enclose herewith such information as 1 was enabled to procure during my 
stay at Banks Peninsula, and also plans of the harbours. 

One enclosure is an interesting table of ports and whaling-stations in 
the peninsula ‘visited by Captain Stanley, but as it does not bear on the 
subject it is not copied ; from it is gathered, however, that the European 
population at the time of Captain Stanley’s visit numbered over eighty. 

It will be observed that no note whatever is made of “ taking posses- 
sion,” The log of the “ Britomart ” is equally reticent. A copy of the 
log was obtained by Mr. Guy H. Scbolefield in London, and from it the 
fouowing particulars are gathered. The sloop-of-war “ Britomart,” Captain 



Staidey, left Sydney on the 17th June, 1840, and came to anchor at Koro- 
rardca, or Bay of Islands, on the afternoon of the 2tid July, H.M.S« “ Herald** 
having worked into the bay just ahead of her. She lay in the bay fbr nine C 
days, “ cutting brooms,’* watering, &c., until on Saturday, the 11th July* 
“arrived the French ship of war ‘ L’Aube,’ and revenue cutter ^Banger,* 
with the Crovemor. Saluted the French flag with 21 guns.” Koutine work 
went on as before, but on the 22nd the company of the “ Britomart ** was 
employed making preparations for sea. The log of the following day;- 
commencing at midnight on the 22nd, is interesting : “2 a.m. receiv^ 
on board per order of his Excellency Lieutenant-Grovemor Hobson, 
Mr. Murphy and Mr. Robinson, magistrates ; 8, loosed sail, short’d in 
cable ; 11 weighed and made sail. Working out of Kororareka Harbour ; 
tacked occasionally.** The vessel was busy all the afternoon working out of 
the Bay of Mands, and at daylight on the 24th Cape Brett lay on the lee 
bow distant ten or twelve miles. The passage to Akaroa was a thoroughly 
bad one, and the ship suflered considerably from the knocking-about she 
received. At midday on the 25th, the first day out, the vessel was off the 
Great Barrier. The following morning the foretopmast was found to be 
chafed through, and in the afternoon the foretopsail was split. On the 
27th much time was occupied in bending new sails ; in the afternoon two 
ports were stove in by the heavy sea. Cape Wareka [? Wharekahika] was 
218 miles distant at noon on the 28th. On the 29th and 30th there was a 
heavy head swell, which made the 120 miles to East Cape a good deal more. 
However, the wind veered round, and the “ Britomart ** rounded East 
Cape before midnight on the 31st. In the afternoon the hold had 14 in. 
of water, and thereafter the pumps were going almost continuously. On 
the 2nd August *“ Akoroa ** was 306 miles distant, and there were 17 in. 
and 18 in. of water in the hold through the afternoon. At 2 o’clock on the 
morning of the 3rd a ^ea was shipped which stove in the lee quarter boat 
and washed away a port. The ship was twelve miles farther from her 
destination at noon on the 4th than on the previous day. Again, in the 
early morning of the 5th, a sea stove in a weather port. Land was seen bn 
the port bow at 10 a.m. on the 6th ; it was somewhere near Flat Point, 
or Te Awaite, in the North Island. In the afternoon the sea split the 
foretopmast-staysail. Next day the weather moderated, and sea-water was 
pumped into the empty tanks. Land showed on the lee bow at 7 in the 
evening, and next morning, the 8th, Cape Pallis§r was four or five leagues 
distant. On the morning of the 9th, Sunday, the crew was mustered a!nd 
the Articles of War were read. This was a proceeding of quite a routine 
nature. There was land on the beam, and a run of eighty-three miles to 
Akaroa. This is the narrative of the 10th : “ 4 a.m. bore up for the land ; 
12.30 calm, with a heavy swell ; out sweeps and swept ship ; 1.30 a breeze 
from the nor’ward ; in sweeps, trimmed and swept into the harbour ; 4.30 
shortened sail and came to with S.B. in 6| fathoms ; furled sails, &c.” 
At daylight on the 11th the boats were out and the ship was made snug. 
There is no reference to any incident outside the ordinary routine of thb 
ship. On the 12th the boats were sent out to survey and cut wood, and 
they were so employed for the ne:^t few days, completing on Friday, 14th. 
On the following day, 15th August : “ 5 p.m., sent boats to assist towing 
the French ship-of-war ‘ L’Aube * ; 8, anchored do.” Sunday was marked 
with the usual Divine service. On Monday, 17th : “ — p.m., arrived the 
French ship (merchant) ‘ Count de Paris,* with emigrants. Lent the cutter 
with a party to haul the seine.’C There is nothing but routine entries until 
the 22nd, when the company was employed making preparations for sea. 
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The “Britdmart” ran down the harbour on the 26th and came near the 
entrance, when she spokev the- British merchant ship “Speculator,’’ just 
arrived. Sails were loosed on the 27th, and further preparations made f6r 
sea. At 8 a.m. Captain Stanley “ discharged Mr. C. B. Robiniwn, police 
magistrate,” and at 9 made sail down the harbour, coming to at the 
anchorage. Putting to sea the following day, the “ Britomart ” spoke the 
schooner “ Success,” of Sydney, from Port Cooper, and another sail. On 
the 29th she shaped her course for Pigeon Bay, where she came to and sent 
a boat to survey and get Vater. On the 30th she sailed for Port Cooper 
(now Lyttelton Harbour) and anchored there. On the 1st ^September the 
“ Britomart ” was again under sail, and a cable was passed to the merchant 
ship “ Africane,” but in getting imder way in the squally wind the hawser 
parted, and the “ Britomart ” touched bottom. She made a good passage to 
Cape Palliser, which was in sight at daylight on the 2nd, and in the after- 
noon she was working up to Port Nicholson, where she anchored at 5 p.m. 

Lieutenant-Governor Hobson sent a copy of Captain Stanley’s report 
to Governor Sir George Gipps, saying, “ I transmit a copy of Captain 
Stanley’s report of his proceedings while at Akaroa. The measures he 
adopted with the French emigrants are, I think, extremely judicious, and 
the whole of his conduct evinces a degree of zeal and intelligence which, 
I trust, you will consider worthy of the notice of Her Majesty’s Govern- 
ment.” There is no note of “ forestalling ” the French ; and the first 
apparent note of anything that might be construed into pleasure at such 
forestalling is foimd in Governor Gippe’s despatch to Lord John Russell : 
“I have already transtnitted to your Lordship copies of the instructions 
which have been given to Captain Stanley, of H.M.S. “ Britomart,” by 
the Lieutenant-Governor of New Zealand. ... I have now the satis- 
faction to inform your Lordship that Captain Stanley preceded the 
French ...” 

Even in the French Chamber of Deputies the position seemed to have 
been clearly perceived ; for later, on the 29th May, 1844, the following 
remarks were made in that chamber by M. Guizot, Minister of Foreign 
Affairs ; “ There are two Proclamations, one on the 21st May, the other 
on the 17th June. Both are anterior to the arrival of Captain Lavaud, 
of the ‘ Aube.’ Of these I have carefully read only that of June 17th, rela- 
tive to the taking possession of the southern island. Here is the English 
text— I translate literally ‘ Taken possession, in the name of Her Most 
Gracious Majesty the Queen of the United Kingdoms of Great Britain and 
Ireland, of the southern island of New Zealand. This island, situated in 
[here follows latitude and longitude], with all its woods, rivers, ports, and 
territory, having been ceded in sovereignty by different independent chiefs 
to Her Most Gracious Majesty, we have taken solemn possession of it, &c.’ ” 

There was a diary in existence, and may still be, 4ihough its whereabouts 
is not known — the diary of C. B. Robinson, one of the Magistrates sent 
with Stanley. Thanks to the foresight of the , late Mr. S. C. Farr, of Christ- 
church, important extracts from it are printed in Canterbury Old and New, 

follows : — 

August 3rd, 1840. Appointed by Captain ^William Hobson, lieutenant-Govemor 
of New Zealand, with all necessary instructions and a proclamation signed “ William 
Hobson,^’ and dated August 3rd, 1840, at Government House, Bussell, Bay of Islands. 
Also signed by Willoughby Shortland, Colonial Secretirry. Instructions were : “ To 
broceed with all despatch in H.M.S. (brig) ‘ Britomart,* Captain Owen Stanley R.N., 
€k>inmand6r, to Akaroa, Banka Peninsida, and hoist the Union Jack, which will be given 
to yon, on a spur jutting out a little more than half-way up the harbour, on the east 
side, and marked in red on the map you ^take with you.*’ 
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Here followed the Proclamation, which was not copied. The diary 
continued ^ 

** We sailed that evenmg with a fair, strong wind ; a good passage was made, and 
we anchored in Akfuroa Bay on the morning of August 11th. We at once proceeded 
to make preparations fd|r the formal ceremony. A log of wood, old and . dry, was prO" 
cured from the l^ush by some of the crew, and was hewn by the carpenter eight inches 
square. A hole was dug in the ground at the spot selected, the post put in, and the 
earth well rammed down round it. A spar had been brought from the vessel, rigged 
with pulley and halyard for hoisting the flag ; this was lashed to the post, and every- 
thing made ready by 5 p.m. on August 15th. The next morning, at 12 o’clock noon, 
I Charles Barrington Robinson, deputed by the Acting-Go vemor, hoisted the Union 
Jack in the name of Her Majesty the Queen Victoria, and in the presence of Captain 
Stanley, his officers, some of the crew, about a dozen natives (Maoris), and the only 
Englishman then in the bay, Mr. Green, with his family. There was no demonstration 
other than my reading the proclamation, three cheers for Her Majesty, and the 
National Anthem. 

The next note made was : “ August 18th, The French man-of-war 
‘ Aube,’ Captain Lavaud, arrived in the bay.” 

Now compare these statements with the log of the “ Britomart.” The 
Proclamation signed “ William Hobson ” was, it is said, dated 3rd August, 
On that date the “ Britomart ” was actually being buffeted at sea, south 
of East Cape, and somewhat over three hundred miles from Akaroa! 
Mr. Kobinson says, “ We sailed that evening [August 3rd] ... a good 
passage was made . . . and we anchored on the morning of August 
11th.” The log shows they sailed on the morning of the 22nd July, and 
made anything but a good passage, anchoring in Akaroa at 4.30 p.m. on 
the 10th August. Mr. Robinson says he hoisted the flag at noon on the 
16th, and the “ Aube ” appeared on the 18th August ; the log shows that 
the V Aube ” came to anchor on Saturday, 15th August. Again, the report 
of Captain Stanley shows that the flag was hoisted and a Court held at 
two j)laces in the bay on the 11th August, and at three other bays where 
there were whaling-stations during the succeeding days, so that during the 
time Mr. Robinson says they were busy preparing the pole, &c., the report 
shows that he and Mr. Murphy were visiting the whaling-stations in a 
whaleboat. 

These discrepancies are extraordinary, and cannot but give colour to 
a suggestion already made in the voluminous newspaper correspondence 
on this subject — that the, diary was not begun imtil some time after the 
event, and then written up from memory, or from faulty notes. 

On the late Dr. R. McNab visiting England towards the end of 1909 the 
writer of this paper wrote to him, in December of that year, urging him 
to secure, if possible, logs of the “ Aube ” and “ Comte de Paris,” also the 
instructions to Captain Lavaud, and Lavaud’s despatches to his Govern- 
ment. The writer had already sent him a precis of what had been gathered 
by him up till that date, and Dr, McNab was successful in obtaining copies 
of a great de^ of matter — so much that he intended making it the subject 
of a book. This his lamented death unfortunately prevented. 

The following are translated extracts trom a letter written by Lavaud 
to the Minister of Marine, at the Bay of Islands, on the 19th June, 1840 : — 

On the 29th of June I sailed round Van Diemen’s Land ; at that Ume there was 
a S.E. wind Bhif t.ipg to the east, a flne breeze but contrary to the course to be travelled 
to get to the south of New Zealand : 1 decided to sail into the Bay of Islands, where 
I hoped to see the Bishop of Maronae. . . . Your- Excellency was kind enough 

to allow me the latitude to change this part of my course, and I sailed to the norH), 
directing the *’Aube” to the Three Kings Islands, the first land I oaught sight of 
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since the 25th of March, and it was on the Bth of this month at 1 o’clock in thO morning. 
On the 9th 1 recognized the Cape Maria van Oie^aen. I left the North Cape the same 
day at night, and on the 10th, in the morning, i was at the entrance of the Bay of 
Islands, which I could only reach in the night on account of the calm and the strong 
land breezes which did not permit me to go ahead. I met the vessel H^B^M. ** Britomart.’’ 
The Captain came to see me as, soon as I had cast anchor. We exchanged the usual 
salutes of politeness and remained very good friends. I immediately visited, ^e 
Bishop. ... ^ 

On my arrival I heard of the taking possession, in the name of the Queen of 
the United Kingdom of Great Britain and Ireland, of the three islands composing the 
group known under the name of New Zealand. The British flag flies two miles from the 
anchorage* of Kororareka, on the River Karra-karra, on the site of Fort Russell -Town, 
the name of the town to be built there. A lieutenant-Govemor, Mr. Hobson, is esta- 
blii^d there with a large administrative staff and a garrison of 130 men, commanded 
by a field officer of the land forces, who has three other officers under his command. 
Three warships seem to be attached to the British colony. The corvette “ Herald,” 
which belongs to them, recently made a voyage round all the islands where English- 
men are established, visiting the principal places. . . . Akaroa is at present also 

occupied by an Englishman, whose cattle graze there. The corvette ” Herald ’’ went 
there, and I heard that about two months ago, there, as well as everywhere where she 
found no Europeans, the declaration of British sovereignty had been written on a 
paper, enclosed in a bottle, and hidde^ in the earth. . . . 

The property of Banks Peninsula has been constituted by a Mr. Clayton, who 
lives in the Bay of Islands and who has heard from the whalers long ago that 
Mr. Langlois had acquired it ; but I thought, in such a state of affairs, I ought at 
present to conceal the mission I was charged with, this statement did not come to 
me in an official way. 

The position has greatly changed since my departure from France ; British 
jealousy has made great steps forward and is running fast. 1 shall avoid to compro- 
mise the Government of the King ; I will act with great caution ; but, on the other 
hand, so far away from Your Excellency, and ignoring what has happened between the 
two Governments, after France has been notified that the full sovereign power lies in 
the hands of “ Her Majesty Queen Victoria, her heirs and successors,” as stated in the 
Proclamation dated the 2l8t of May — I repeat, so far away, I cannot deviate from 
the orders I carry, and, having above all to preserve the honour of my flag, I shall 
declare officially to the representative of Her Britannic Majesty on the island, Captain 
Hobson, that for the present I protest against any measure, coinirig from the British 
Government, which might result in infringing the French property duly acquired from 
the free and independent qatives, till the moment in which the Government of the 
King will be pleased to recognize British sovereignty over these islands. 

1 fear that the ” Comte de Paris,” which, a<:rcording to what her captain wrote to 
ine before I left France, has put into port at Senegal, at the Cape, at Hobart Town, 
and at the Bay of Islands, before returning to Akaroa, will keep us waiting for some 
time, which will be very regrettable. There ought to be more than one warship here, 
for I shall not be able to' leave Akaroa when I get there, and yet I will entirely ignore 
there what is happening around me. We must not conceal from ourselves that every- 
body here MU try and hinder us, and 1 MU be all the more unprepared to avoid the 
pitfalls of our neighbours because I MU have no information from the outside. . . . 

I hope that the official news received in France the last few months MU appear to 
Your ExoeUency to be of such a nature that fresh instructions will be sent me, and 
that perhaps also the sea forces wUl be increased. ... 

• I add' my letter to Captain Hobson . . . who, as Your Excellency MU see, 

refused to enter into explanations Mth me if I did not. previously recognize his title 
as Governor of the Islands of New Zealand. ... I tried to make him under- 
stand thrift I could not see why he should keep silent about the object of my letter 
[concerning properties acquired by the French in various parts o# the Islands], having 
only as a reason that I did not recognize him as Governor of the Islands of New 
Zealand. I also pointed out to him that large French properties existed in the Islands, 
especially in ^he Middle Island, which we call in France the South Island, and that I 
could not admit the rights of sovereignty of a foreign Government over this property ; 
but he very weU explfwned tQ mo that there was a distinction to be made here — ^that 
he did not contest the property of the French on the Islands ; that the chiefs when 
selling had only sold the land, but not their authority, which they abdicated in favour 
of Britain ; that only after this abdication the British sovereignty had been declared. 
Then I handed him a letter telUng him that the contents would make him understand 
my last word. He read it with great attention, and told me that in my place he would 
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have acted as 1 had done, and that he thought it was surest way to avoid a oonfliot * 
which might have had very unpleasant consequences for both Governments, in breaking 
out so far aw^. 1 ihsisti^ upon knowing it the contents of my letter h^ been wefi 
understood. He told me, Yes, that he understood the whole sense and the wh^ 
situailion; that he would send a copy to the Governor-General at Sydney, who would 
take his orders from the Government of the Queen; and that in the meantime he 
would use his whole persuasive influence with this same Governor-General, so that 
the Committee should not be obliged to inquire about the validity oi the French title- 
deeds until the two Governments had come to some arrangement. After that 1 added 
that 1 was going to the^South; that several landowners and colonists were already 
established tWe, and others would go there to establish themselves ; that the measures 
I claimed were to he extended to them also, and that there, too, they were to feel the 
protection of their Government, and consequently should be able to occupy the land, 
work on it, sow And reap without being worried. Mr. Langlois will take possession 
of Banks Peninsula and will give over to me the land which he is to iaransfer to the 
French Government, which will not appear in the matter, unless it were to judge that 
it ought not to give its adhesion to the sovereignty of Queen Victoria over the Islands 
of New Zealand of which ^anks Peninsula is a part ,* and in case that I were to receive 
orders to declare that tl^ sovereignty was not recognized I should proclaim that of 
France over the peninsula. I say only Banks Peninsula because all the rest is invaded 
and occupied by the British. There is even a Magistrate at Cloudy B^y. Well, 
Minister, things are so advanced that it is too late to stop them, and being persuaded ‘ 
of this I wish to let the King’s Government act freely without urging or compromising 
it in anything. The same motives have made me avoid placing myself in the position 
to be obliged to fire the first cannon-shot, the signal of war, knowing that if, on my 
departure from France, Your Excellency could have seen the position in which I find 
myself at present you would have sent me off with different instructions from those 
I have ; you would not have let the “ Comte de Paris ” sail, and would not have left 
me the choice of war or peace. ... 

Later, in July, Lavaud received informatian of other olaims than that 
of Langlois to land on Banks Peninsula ; and he writes to his Minister — 

. . . Your Excellency will see that, as I had already heard, the o^vnership of 

Banks Peninshla has been partially or totally claimed by several people, who every 
one of them pretend to be the legitimate owners and to possess title-deeds. I have had 
the honour of mentioning to you, among others, Mr. Clayton, who lays claim only to 
a part. Further I may name to you the firm of Cooper and Levy, of Sydney, who, as 
well as Monsieur Langlois, claim the whole peninsula; they have already brought 
timber to close the isthmus of this peninsula, and the herd of oxen which is in the ]^y 
of Akaroa belongs to this firm. ... 

I shall concert with Monsieur Langlois to see what can be done ; perhaps it would 
be suitable to come to some arrangement with the claimants, of whom at least two, 
Messrs. Clayton and Cooper, bought prior to him. 

In any case, we shall settle at Akaroa, awaiting your orders. 

The Middle Island (Tawai-Ponamoo) is to-day, as I had the honour of telling you, 
nearly entirely in the possession of foreigners. We can no more think of acquiring from 
the natives, who possess only the land reserved for their habitations and plantations ; 
we could only buy from the British, but they are so numerous that I regard it as very 
difficult to proclaim the sovereignty of France there, as the company, according to all 
appearances, can actually only claim a part of this peninsula. Through negotiations, 

I Wieve it to bo quite possible to make the Britannic Cabinet disown Governor 
Hobson’s first Proclamation, as he, in declaring the Queen’s sovereignty, relies on a right 
of discovery which cannot be acknowledged by the nations. 

It seems to me that it is imposrible that this pretended right can be invoked 
to-day, so long after the discovery of these islands by Captain Cook ; besides, the right 
of dii^overy can only be exercised in uninhabited countries, but not in those where the 
land is trodden by those to whom it naturally belongs and ought to belong. The inde- 
p^dence of the ^liddle Island, under the protectorate of France, would be, I believe, 
what would henceforth suit you the best. The freedom of the ports of this Island 
would lead to great commercial movement, which would strike a big blow at the 
colony of the North Island, soon to be subjected to Customs duties. Your Excellency 
will appreciate, from all that 1 have had the honour of communicating to you, the 
obstacles I have hod to encounter and the delicate position In which I find myself. 
Nevertheless, in a conversation I had y««terday with Sir. Hobson, I thought fit to tell 
him that Fi^oh colonists, landowners in the Middle Island, .bad just ainved» and 
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* that I was going there to protect them when they would take possession of their lands. 
His letter of the 23rd will perhaps lead me, if I nnd difficulties in Akaroa, to return to 
Sydney, when I have settled Monsieur Langlois, for I see that Mr. Hobson can or will 
not settle the question. In this state- of anairs, if the Britannic Government has not 
got the signatures of the. chiefs of Banks Peninsula — that is to say, their consent to 
recognize its sovereignty — I will make every possible effort to ccmvince the chiefs 
that they must not abandon their land to any nation, but preserve it for themselves 
and their descendants by accepting the patronage of France and its Government. 
It is also in the direction of independence, I believe, that wo ought to act with 
Britain. 

But, sir, there is no time to be lost to enter into an explanation with the Britannic 
Cabinet : everything goes very quickly in this colony, and the powers given by Lord 
Normanby to the Government of Sidney give him aU the more latitude, because what 
he will decide to do concerning these islands has been applauded in advance. . . . 

A later letter is dated Akaroa, 19th August, 1840. In it he informs 
his Minister what he found at Akaroa : — 

I have the honour to announce to you the arrival of the “ Aube ” in the Bay of 
Akaroa on the 15th instant. 

I found several British established there, and the Proclamation placarded by the 
corvette “ Herald ” last' May posted on the house of an Englishman placed in charge 
of these Proclamations. ... " / 

The brig “ Britomart ” is sailing along the coast and visiting the different ports 
with two Magistrates, having to go everywhere where any offence has to be investigated 
and punished. I,, suppose that my presence is somewhat the reason of these cruises. 
A boat from this brig, which was lying outside the bay on the 17th instant, came 
alongside the “ Comte de Paris,"’ which, on entering, had fired guns ; in this boat were 
' officers and the two Magistrates I just mentioned. Believing that this gun-fire was to 
call their boat, these gentlemen came on board. They noticed carriages for coast-guns 
which were on deck j they seemed astonished, but, however, did not say anything 
about it. Various remarks thoughtlessly made by Captain Langlois also made them 
feel uneasy, and have been the subject of an explanation between the British captain 
and myseff. I promised to follow the line of conduct that I had traced for myself in 
the Bay of Islands, and to maintain what I had written, until the British and French 
Cabinets had decided the question of occupancy in one way or another. 

As I have had the honour of informing Your Excellency, I had officially announced 
to Captain Hobson that I was returning to Akaroa, where the surrounding land, as well 
as the whole of Banks Peninsula, belonged to French proprietors, who had sent out 
cultivators from France to clear the land and make it productive. , . . My sur- 

prise was great when, on the arrival of the “ Comte de Paris,” I heard, in the most 
positive way, that Monsieur Langlois had never negotiated with the chiefs of this part, 
that he possessed nothing there, and that we had, in fact^ no right of ownership we 
could put forward. The chiefs gathered around me declared to me, through the voice 
of M. Comte, a missionary priest of Monseignor Pompallier, who speaks the language 
. of the natives, that Monsieur Langlois had negotiated for a part of the land of Port 
Cooper, Tokolabo Bay, for which he had paid one part, but that there never had been 
any question of the port of Akaroa, in which they had sold to a Mr. Rhodes a certain 
port for grazing or cultivating, and that in the same way they had sold the bay of 
Pyreka and other bays forming the southern part of the peninsula ; and, finally, that 
that they had never signed a contract of sale, drawn up between Monsieur Langlois and 
the trib^, of the north-west and west of the peninsula. 

In such a state of things, how am I to execute the orders of the King ? How to 
take possession . . . even tacitly, in case of an arrangement between the Govern- 

ments of France and of Britain, of a land that does not belong to the company ? In 
one word, how to execute the treaty of the 11th October, 1839, made in Paris between 
the Government and the Nanto-Bordelaise Company ? Really, sir, I am travelling 
on such a winding and dark road that I only walk by groping my way. ... If 
Monsieur Langlois had not heard of my presence ho would have treated the acts atid 
the official doings of Britain as a joke ; he would have hoisted the tricolour flag, would 
have saluted it with 101 guns, and he would have taken possession in the name of 
the King of the French ; while I, for my part, have tried every day in my conduct 
, to avoid binding my Government, and especially not to compromise the dignity of 
Royalty. Fortunately, the whaler ” Pauline,” which I met at sea, by making ray 
presence here known at Port Cooper, prevented a demonstration of this kind, for the 
ceremony fit which several offiom and masters of whale];i had already been convoked. 
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From to-day [21st Au^t] a British Magistrate has been appointed to reside at 
Akaroa and yrill establish Itself there. 1 suppose it is the arrival and the landing of 
our colonists that has called forth this measure. I had a conference on this matter 
with him, and I could see a certain fear concerning my intentions ; nevertheless, I am 
pleased at his presence, because, together with mine, it might avoid misunderstandings 
between the established British and our colonists. ... * 

In ending this despatch I must repeat to Your Ehccellenoy my whole idea: No 
colonization possible in these seas if we do not obtain the withdrawal of these Proda- 
mations and declarations as to the island of Tawai Poenamou (Middle Island)-; and 
then, apart from the inconvenience of the neighbourhood, one would have to make a 
better choice of emigrants than those brought out by the “ Comte de Paris.” 

Th6re is a voluminous essay writffcen by Lavaud, entitled “ Voyage and 
Attempted Colonization of the South Island of New Zealand, undertaken 
by the Corvette ‘ Aube,’ commanded by Commander Lavaud,” which 
gives more detail than the official papers, but is hardly more to the 
point. 

It will be admitted that Lavaud was placed in a very difficult position 
through the change of circumstances that had taken place since he left 
France ; that he, as representative of that country, bore himself in a 
courteous if independent manner, and that both he and Hobson acted with 
admirable mutual forbearance ; that there was no race, the French objects 
having been defeated whilst Lavaud was still at sea and in ignorance of 
events ; and that Lavaud, whilst accepting the defeat with difficulty, did 
so with "dignity ; that his action was the best he could have taken, both 
for the continued amity of the two nations and for the comfort of the 
emigrants. 

In conclusion, it is a pleasure to be able to express this respect for one 
who represented a nation with whom we have often been at variance, but 
between whom and ourselves a bitter war against a common foe has, we 
trust, convsummated an enduring friendship. The French did not prosecute 
their claim ; upon inquiry, the New Zealand Government, in view of the 
fact that a large number of emigrants had been sent out in good faith, at 
a cost of £15,125, made the company a grant of 30,000 acres, and the 
company finally ceded all its rights on the peninsula to the New Zealand 
Company for the sum of £4,500. 

Many contemporary versions have appeared of what was supposed to 
have taken place at Akaroa in August, 1840 ; and it was the great dis- 
crepancies among these, and the reading of Stanley’s report, that awoke 
in the writer a suspicion that the ceremony performed ^s not one of taking 
possession, but merely one of exercising civil authority in virtue of posses- 
sion already taken ; and that more facts were to be gleaned from the dark 
fields of the past. 

It is to be hoped that whole of the official correspondence, both 
English and French, may be made generally available by publication. 



Transactions, 


do 


Art. — Ranunculxis paucifolius T. Kirk: its Distribution and 

Ecology^ and the Bearing of these upon certain Geological and 
Phylogenetic PrMems, 

By A. Wall, MA., Professor of English, Canterbury College. 

[Bead before the New Zealand Institute, at Christchurch^ 4th-8th February, 1919 ; received 
by Editor, 24th June, 1919 ; issued sejiarately, 10th June, 1920.] 

Plates II-V. 


Contents. 

Historical . . . . . . . . . . . . 90 

Comparison of Ranunculus cJuyrdorhizos and' R. paucifolius , . 90 

Habitat and Distribution — 

General . . . . . . . . . . . . 92 

Details of Distribution .... 93 

Associations of the Area . . . . . . 94 

Ecological : Main Problems involved — 

General . . . . . . . . 96 

Relation to Geological Problems , . 97 

Origin of the Group to which it belonged 99 

Conclusions . ^ . . . . 103 

References . . . . . . . . 104 

Postscript . . ^ . . . . . 105 


Historical. 

Ranunculus paucifolius was “ raised to specific rank by Kirk (1899, 
p. 11), who separated it from R, chordorhizos Hook. f. 

The notable points in his description are : “ Leaves 1 or 2 ” ; “ Scape 
Equalling the petioles ” ; “ Achenes few, turgid, with a straight subulate 
beak ” ; “ flowering season, ^December.” 

Under R. paucifolius, Cheeseman (1906, p. 16) says, “ Much more com- 
plete material is required before a good description can be given of this 
curious little plant. It is very close to the preceding species, but seems 
sufficiently distinct in the less fleshy and more coriaceous habit ; fewer 
leaves, which are broader, and much less divided ; longer scape, and 
broader petals. Only one flowering specimen has been obtained.” 

From Hooker’s account of R, chordorhizos it is evident that Ranun- 
culus paucifolius was first collected by Haast before the publication of the 
Handbook (1867), though its discovery is aco#dited by Cheeseman to Enys 
(1906, p. xxxiii), where it is stated that Enys’s work in New Zealand began 
in 1874. • / 

Comparison op Ranunculus chordorhizos and R. paucifolius. 

R. chordorhizos. 

In 1918 I obtained flowers of R, chordorhizos from two plants in my 
garden at Christchurch brought from Mount Hutt (at c. 4,000 ft.) in 1917. 
One of those also flowered in 1919- The flowering-date in Christchurch 
(sea-level) was September. The flower is from 1 in^, to 1 J in. in diameter. 
The petals are from 6 to 8, and even more. 
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The most striking feature of the flower (hitherto undescribed) is the 
form of the sepals, which are lobed like the radical leaves, and one of 
them in each flower is much larger than the rest, lobed and appearing like 
the cauline leaves which form a sort of involucre in R, Haastii, but attached 
so much higher that it should rather be termed a bract. The edges of 
the petals are also lobed shallowly. The colour of the sepals is dark like 
the leaves. I obtained one head of' ripe achenes from my plants. ^The 
description of the achene in Bark and Cheeseman seems to be quite exact. 

Specimens of the plants here used were sent to Kew for identification ; 
there are no flowering specimens there, but my plants were identified as 
R. chordorhizos. The locality (Mount Hutt) is not far from Moimt Somers 
(the original locality), and the plant has been collected by Laing at Mount 
Winterslow, between Mount Somers and Mount Hutt. 

R, paucifolius, 

, I visited Castle HiU on the 8th November, 1919, and obtained specimens. 
There had been a heavy fall of snow on the 1st and 2nd November, and 
most of the flowers were much damaged. Between twenty and thirty 
blooms were observed. The flowering-date is late October and November, 
not December (Kirk, Cheeseman). I was able to get about a dozen 
specimens which had flowered after the disappearance of the snow. No 
buds were coming on, and the season was rather backward than otherwise. 

The flower is large and showy, averaging about 1^ in. in diameter when 
fully expanded. I measured one exactly 2 in. in diameter. 

The number of petals is from 5 to 8 or even more ; the most usual 
number seemed to be 6. The' sepals are 5. Most of the plants bear one 
flower only, but several were observed with two. The scape is very short, 
not more than 1 in. in any of my specimens. There are no cauline leaves 
as in R, Haastii ; the sepals are pale yellow and have nothing of the 
peculiar character of those of R, chordorhizos. The edges of the petals, 
unlike those of R. chordorhizos, are entire or very nearly so, the margin 
being very slightly* wavy. 

I obtained ripe achenes at Castle Hill in December, 1918. The 
description Kirk is inexact, and the achene is not distinguishable from 
that of R. chordorhizos. 

I may add that I have in cultivation seven plants brought from Castle 
Hill in 1918. All are thriving, but none flowered in 1919. 

The two specie^ having been grown close together, the following points 
of comparison may be noted. The general coloration of the two is very 
similar and very curious ; R. chordorhizos is, however, a little darker tlian 

R. paucifolius. The leaf of R. chordorhizos has the segments distinctly 

recurved ; those of R. paucifolius are nearly flat. R. paucifolius is a good 
deal the larger plant in every way. The leaf of R. paucifolius is pitted, 
but not so deeply as that of R. chordorhizos. The leaves of both species 
are pitted when fresh, liot only “ when dry ” (Kirk, Cheeseman). 

To summarize the new facts resulting from these observations : — 

(1.) R. chordorhizos has recurved leaves, pitted while fresh. 

(2.) R. chordorhizos has a flower about \\ in. in diameter (not “ 1 in.’’). 

(3.) The sepals 6f R. chordorhizos are lobed, ^and have something of the 
character of a cauline leaf or bract, 

(4.) The number of petals of R. chordorhizos is iiom 5 to 8 or more. 

(5.) The edge of the petals of R, chordorhizos is lobed or crenate. 
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(6.) The leaves of iZ. paiuiifoUus, instead of being only 2~3 (Kirk), are 
as many as 8. One of my plants in cultivation has 9 now. 
Six is quite usual. The name paudfolius is a misnomer. 

(7.) The scape of paudfolius is not always solitary. 

(8.) The number of petals of iZ. paudfolius is 6-8. 

p.) The flower of iZ. paudfolius is larger than described hitherto, being 
from in. to 2 in. 

(10.) The flowering-date of R. paudfolius is late October and November, 
not December. 

(11.) The achene of iZ. paudfolius is exactly like that of R. chordorhizos ; 
the style is curved, not straight. 

Conclusion from these Facts, 

I have been tempted to think that iZ. paudfolius hardly deserves specific 
status, and that it should be reduced to the rank of a variety of R. chordo- 
rhizos ; but in the light of the above observations I am compelled to 
decide that it should be upheld as a distinct species. While the differences 
in the cutting and the colour of the leaf, the size of the plant and of the 
flower, the edging qf the petals, the pitting of the leaf, might be considered 
trivial, yet the character of the sepals of iZ. chordorhizos, constituting a 
distinct link with iZ. Haastii, would seem to be important enough, taken 
in' conjunction with the other differences, to warrant the retention of the 
species. Until flowering specimens of iZ. crithmifolius have been studied 
it is not possible to tell how the group may ultimately be treated. 

Habitat and Distkibution. 

General, 

The only known locality for Ranunculus paudfolius is a rock-bound 
hollow behind the farm buildings at Castle Hill, in the Trelissick Basin, 
about a mile and a half from the homestead of the late J. D. Enys, upon 
whose property the farm was situated. 

A full account of the general geological features of the district is given 
by Speight (1917), with a map showing the Castle HiU itself (p. 323), and 
plates, of which plate xxi, fig. 1, gives a view of the small hollow from 
above. 

The locality of the species is a small synclinal basin forming a kind of 
amphitheatre. Its main direction is north-east and south-west, the north- 
east end being the higher. It is bounded on the south and west by 
the steep grassy slopes of Castle Hill, with frequent outcrops of lime- 
stone (seen in Plate IV), and on the north and east by piles of limestone 
rocks from 80 ft. *to 100 ft. high, which are ^ weathered into the usual 
fantastic shapes. It is entered from the eastern side by a gap in 
the limestone barrier about 100 yards broad ; a small but constant 
stream rises on the south-west side of the basin, and flows through 
this gap on to the flat cultivated plains of the Castle Hill farm, which 
are overlooked by the steep limestone rocks. Except at this point the 
basin is surrounded on all sides by limestone rocks or steep slopes of grass 
upon a limestone soil. The weathering of the rocks by frost and wind 
produces a great amount of debris, which is blown far and wide by the 
strong winds of the Southern Alps, and this debris collects in the basin 
owing to its enclosed chtiracter. Within the basin a small dune-system is 
produced by the action of the wind, so that its floor is diversified by smaU 
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Photograph of locality from south-east, showing open formation. 
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Plate V 



Photoeraph of locality from north east, the white patches showing the limestone debris in which grows 

Ranuficulu'^ paurifoUus. 
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ridges and shallow hollows of dune type. The south-west half of the basin is 
clothed with tussock grassland, and does not concern us. The north-east 
half, at the south-west end, shows first (moving from south-west to north-east) 
a small area, about 120 yards by 100 yards, of open debris formation which 
does not harbour this Ranunculus. The upper (or north-eastern) portion 
consists of a larger area of limestone debris, about 350 yards by 100 to 150 
yards, of which some parts are clothed with a ha»lf-closed tussock formation, 
others with an open formation, including the Ranunculus paucifolius, while 
some considerable portions are entirely barren. The bottom of this part of 
the basin is occupied chiefly by a belt of half -closed tussock formation ; the 
eastern side has rapid slopes of coarse debris below the limestone rocks ; the 
western side (shown in Plate IV) has a gentler gradient, and the grass-covered 
slopes of Castle Hill here ease ofi gradually into the central basin. Tongues 
of half -closed tussock formation, on this side, occupying higher ground, or 
ridges, separate roughly circular or semicircular areas of the open formation 
well seen in Plate V, within which most of the plants of Ranunculus 
paucifolius occur. 

The debris itself is of a flaky character, but is reduced, over most of 
the area, to a fine uniform powder. The colour of the bare patches is thus 
a pale yellow, deepening to brown in certain places, owing apparently to 
the volcanic element present in the limestone itself in varying quantity. 
The debris on the steep eastern slopes is much of it very coarse and rough, 
and ver}^ large flakes of the stone lie thickly here. 

At the extreme north-east corner a dune formation is being broken up. 
Here are semicircular breaches of the higher dune, whence masses of very 
loose debris come down. At the top the slope is steep and the material 
deep and soft ; hardly any vegetation %e n grow, and the line separating 
the tussock grassland from the perfectly barren space is sharp and clear. 

Possibly all parts of the basin have at one tinae or another been thus 
closely covered, the covering being subsequently stripped away or buried, 
while a certain area must always have remained sufficiently open some- 
where in the area for the calciphile community to exist. 

Digging at a spot where several plants of Ranunculus paucifolius grew 
close together showed that the limestope debris was here exactly 18 in. 
deep. At that depth a more consolidated subsoil was peached. Down 
to this depth the material was perfectly uniform, fine and incoherent, and 
the roots of the Ranunculus, about 10 in. or 12 in. long, do not reach beyond 
this layer, which seemed fairly damp throughout at the end of a period 
of abodt a fortnight’s fine weather. In a really dry season this material 
must, of course, become extremely dry. 

Details of Distribution. 

The following are the main results of the careful search of the whole, 
or nearly the whole,' of the area, in which I had the assistance of Messrs. 
R. Speight, A. E, Flower, and Dr. W. P. Evans. 

(].) Most of the plants grow on the more gently sloping north-west 
side of the basin, and are most thickly congregated on two areas, each 
about 60 yards by 40 yards. The whole area within which all the plants 
(except three or four) were found is about 300 yards by about 60 yards — 
roughly, between 3| and 4 acres. 

(2.) Nearly all the plants were found on ground sloping at an angle 
of from 6® to 8°. Few were found on quite level spots, and none at all 
on very steep places. 
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(3.) Where several plants occur in a line, from 2 ft. to 4 ft. , apart, as 
sometimes happens, this line takes no constant direction. 

(4.) The plants occur, roughly, in groups, but seldom close to one 
another and not often very near any other plants. Only in one small 
area were they found among tussocks (about a dozen altogether), and 
here the tussock formation is peculiarly scanty. ^ 

(5.) The whole number of plants I counted was seventy. Allowing for 
possible errors and oversights, and portions not quite so minutely examined, 
it is safe to say, I think, that the area does not contain mote than from 
one hundred and fifty to two hundred individuals, and I should think it 
probable that there are not more than one hundred. 

(6.) In one space which was most carefully examined, and in which 
the plants were as frequent as anywhere, the nearest neighbours of a par- 
ticular plant of Ranunculus paucifoUuts were : Poa acicularifolia, Lepidium 
msymbrioides, Wahlenbergia albomarginatay Myosotis decora, CarrnicJiaelia 
Monroi var., and the introduced Arenaria serpylUfolia and Cera^tium 
ghmeralum. The plants in the vicinity were op an average about 6 in. 
from one another, and spaces about 12 in. square were frequently quite 
barren. This would be a typical “ open formation.'' 

In another case, not at all exceptional, at the other end of the area 
examined, a plant of Ranunculus paudfolius was seen to have no other 
plant nearer to it than 3 ft. ; at this distance was a small patch of Poa 
acicularifolia ; a little farther away' was one plant of Oreomyrrhis andicola 
var. rigtda, and at about the same distance one of Lepidium sisynibrioides ; 
and 10 ft. away was one plant of Notothlaspi rosulatum. The rest of the 
10 ft. circle was perfectly bare. 

’ To complete the account of lif e surface of the hollow it may be added 
that areas of 12 yards by 6 yards were measured which supported no living 
plant of any kind. These completely barren spots form a fairly larfe part 
of the small available space. 

Associations of the Area. 

- The small basin here described supports a limited community of calci- 
phile xerophytes, of which Ranunculus paucifoliics is a typical member. 
It supports also a good number of mesophytes, representing the usual flora 
- of the district, and a fairly large group of introduced plants. 

(a,.) On the barest portions of the area, where the debris is deepest, 
loosest, and, in dry seasons, presumably driest, the only plants are Lepidium 
sisymbrioides, Oreomyrrhis andicola var., Oreomyrrhis andicola var. rigida, 
the introduced Arenaria serpylUfolia, and occasionally Myosotis decora, 

(6.) The usual open formation of the gentler slopes includes, besides 
the plant under consideration, all the above-named, and in addition Pirnelea 
prostrata var., Notothlaspi rosulatum, Poa aoicularifolid, Anisotome Enysii, 
Cardamine heterophylla var., Carmichaelia Monroi or nana, Wahlenbergia 
edhomarginata, Anisotome aromatica ; and, more occasionally. Ranunculus 
Monroi var. dentatus, Senedo Haastii, Crepis novae-zelandiae, Raoulia 
australis, that variety of Epilohium novae-xelandiae which is distinguished by 
its generally reddish colouring and pink flower, and Myosotis cinerascens Petrie. 
All these plants are perennial, and all are very low in stature. 

* These two — (a) and (&) — might be said to form a Lepidium sisymbrioides 
association. This association presents a most singular and characteristic 
facies. The general bacl^ound is a glaring yeUow, shading into pale 
brown in certain patches. Upon this ground the scattered plants of 



Lepidium sisymhrjmAes fiaake spots of very dull ohoeolate^ whicli are con- 
fused in the general scheme with the paler browns, duU greenish-yellows, and 
greys, of Ofeomyrrhis a/ndioSla, Myoaotia decora, Anisotome EnyaU, &c. The 
sparsely scattered plants of Ranunculua paudfolius become almost invisible 
in this environment, and play no leading part in determining the app^i?aSice 
of the whole unit. The whole effect is most peculiar ; the calciphile flora 
gives the impression that it belongs elsewhere — to another age, another 
climate and country. Much the same effect is produced, in my experience, 
by the isolated patches of ancient fen vegetation which surviVe at such spots 
as Wicken and Cottenham, set like savage aliens of some older and vanishing 
race in the midst of the green crops and pastures of modern Cambridgeshire. 

(c.) As the formation becomes more nearly closed, on the borders of 
the grassy closed areas, Plantago apathulafa appears in great quantities, 
and the closed formation of the immediate neighbourhood includes Featuca 
rtovae-zelandiac, two or three others of the usual grasses of the district^ 
Raoulia subaerkea, Hydrocotyle novae-zdandiae var. moviana, Vittadinia 
ausiralia, and' a fair amount of moss. Here occasional plants of Lepidium 
siayfnbrioidea appear, but not far from the pure limestone patches. 

(d.) The chief introduced plants which occur in the basin are Aremifia 
aerpyllifolia (extremely abundant everywhere — more so than any native 
plant), Ceraatium glomeratum, Hypodmeria radicata, the large ox-eye daisy 
(which completely covers the slopes on the eastern side of the rocks out- 
side the basin), and Verbaacum Thapaua, It is not without significance, 
as showing the, very special and peculiar character of the locality, that 
Hypochaeria radicata, elsewhere so exceedingly abundant in New Zealand, 
is here comparatively rare. ^ 

It must be added that the rocks above the basin and the steepest slopes 
around them also harbour Epilobium gracilipea (which never occurs on the 
flat), Senecio Haaatii (which is comparatively seldom seen below), Senedo 
laiUua var. montamta, and . a good number of such shrubs as Coproama 
propinqua, Diacaria toumatou, and Ariatotelia fruticoaa. Upon these shrubs 
the peculiar parasite Korthalaella clavata is found ; this also grows upon 
shrubs in other limestone rocks (e,g., those at the junction of the Porter and 
Broken Kivers), but apparently is found only in the Castle Hill district. 

A certain number of these plants are definitely calciphiles, and occur 
in no other situations ; others seem to grow by preference on limestone, 
but are* not confined strictly to it (in this district, at any rate) ; and the 
rest are of general distribution. 

In the first class are Ranunculua paucifoliua, Poa adcularifolid, KorthaU 
sella clavata, Epilobium gracilipea, Myoaotia decora, Aniaotome EnysiL In 
the second are Oreomyrrhis andicola var. rigida and Crepia novae-zelandiae. 

Several of them exhibit marked xerophytic characters, as described by 
Cockayne and Laing (Speight, Cockayne, and Laing, 1911, p. 358), and 
among these Ranunculus paucifoliua is conspicuous. It has the pale ashen- 
purple colouring which distinguishes the shingle-slip plants generally, such 
as its relations Ranunculus ^ordorhizoa, R, crilhmifolius, and R. Haaatii, 
Lepidium aiayrnbrioidea has special adaptetions, of which the disproportion- 
ately long root is most remarkable (Cheeseman, p. 42). Aniaotome Enyaii 
shows a colouring very similar to that of Ranunculua paucifoliks. There is 
here a marked degree of epharmonic convergence. 

These plants make up a community of intense interest, and the problem 
of their existence is bound up with fhat of Ranunculus paudfolius, whose 
limited distribution and feeble powers of reproduction help to put that 
problem in a clearer and more Btrikan^ light. 
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Ecological: Main Problems involved. 

General. 

These problems may be thus stated : How are we to account for the 
survival, in an exceedingly limited area, of a very special and peculiar 
formation, and in very limited numbers, of a plant which is obviously 
adapted to a climate very different from that of the present time, which 
reproduces itself only by seed, not vegetatively, and that only in a very 
sparing manner, and which apparently can exist only upon a kind of 
soil occurring only in limited areas separated from one another by great 
distances ? 

Apart from geological history several considerations may here be given 
as bearing upon the main problems. 

Reprodiiction and Distribution of Seed. — The achene, on dropping off, 
no doubt falls into the soil and is moved by the wind, as the surface of the 
debris is quite unstable, most of the plants being actually buried in it above 
the rootstock. It is remarkable that none of the plants of this association 
is a traveller.” The seed of all is presumably distributed in the same 
way — by the action of the wind in shifting the soil ; none of them is provided 
with a pappus or coma ; no composite plant except ftaoulia australis enters 
into the unit. Epilobium gracilipes and Sener ,o Monroi var. dentatus, 
which occur on the steep slopes and rocks a Dove the basin and have 
seeds specially adapted for carriage to a distance by tlie wind, are absent 
altogether from the flatter portions of the ar6a. 

Instability of Soil. — The wind is always bringing fresh debris into the 
basin, and is always stirring and shifting all that part of the surface which 
is entirely or nearly bare. As the rocks are now always rapidly crumbling, 
and no doubt have been in the same state for a very long period of time, 
it follows that they must formerly have been much larger than they are 
now ; therefore they must formerly have set free annually a much larger 
amoimt of material, and therefore the 8Uj)erficial area of unstable debris must 
formerly have been much greater. But in recent times the area of bare 
debris could never have been really extensive, as the accumulation of it 
would hardly be possible under present conditions except within the enclosed 
space of the basin. However, in some much older age it may be imagined 
that a much greater area lying eastward of the small basin might during 
a period of steppe climate or drought become a semi-desert, mainly of this 
debris, supporting a calciphile and xerophytic flora, in open formation, of 
such individuals and in such disposition as we now see within the enclosed 
and protected area only. 

Struggle for Life. — As Warming (1909, p. 256) observes of fell-field in 
general, the typical xerophytic plants are so thinly distributed that they 
do not interfere with one another nor compete with one another. Itf,is 

so here, and it is so upon the steep shingle-slopes of the dry eastCirn 

mountains of the neighbourhood, l^nunculus Haastii, for instance, is 
exactly like paudfolius in this i^espect. Only a certain small number 
of plants grow within a given space, when, so far as one can see, an 

infinitely greater nunlber might grow there without in the least in^eon- 

veniencing their neighbours. 

Thus Ranunculus paudfolius has not been threatened with extinction 
in this manner. It seems, however, to have had to face two other dangers 
in recent times. On the one hand, if the surface upon which it grows 
were for any cause to become still more unstable, and the wind to act 
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more violently and continuously upon it, the plants might all be buried, 
as some of tl^em no doubt 'have been. On the other hand, if the supply 
of material delivered into the basin should diminish and finally ce^e 
altogether, no doubt the closed tussock formation which now covers the 
south-west portion of it would gradually invade the whole, and Ranun- 
culus paucifolius would die out. This, it would seem, must ultimately 
happen. 

The area has for many years been open to stock and rabbits, but they 
evidently do not care for the plant, otherwise it would have perished long 
ago. There are plenty of rabbits now in and about the basin. The 
openness of the formation has no doubt protected the plant from destruction 
by fire, a great and very real danger in New Zealand. 

Influence of Slopes. -r- The fact that it is confined to the easier slopes — 
almost to level ground — is also of very great significance. Among its 
associates, for instance, Lepidium sisywhrioides and Myosotis decora easily 
maintain themselves upon very steep slopes, and consequently these plants 
are quite widely distributed, occurring, in the immediate neighbourhood, 
upon the limestone slopes at and near the junction of the Porter and Broken 
Rivers, and upon those of the Whitewater River and of the Upper Porter 
or Coleridge Creek, whereas Ranunculus paucifolius, by reason of its 
•apparent inability to grow except upon eady gradients, is debarred from 
these areas, where every condition which it requires is to be had except 
this one, and can maintain itself only within the very limited basin where 
it is presumably doomed ultimately to perish. 

Limestone Soil. — When it is said that the plant can exist only in lime- 
stone soil, it is not denied that it might live, if transplanted or sown, in 
some other soil ; but the assumption is that in any other soil, if it can 
live at all, it cannot compete with the ordinary vegetation of that soil : 
it could live, that is, only under artificial conditions and when protected. 

Relation to Geological Problems. 

We may now consider what conditions are indicated as most probable 
in the remote past of this community in general and of R. paucifolius in 
particular. 

It seems inconceivable that the plant should have “ originated,** 
established itself, and subsequently maintained itself for countless ages, 
all within the narrow limits of its present distribution, and the first 
condition requisite for its establishment would be the existence of a very 
much larger area of continuous Tertiary limestone strata than is now 
to be found anywhere in New Zealand. 

This area need not have been — ^and, indeed, could not have been — one 
continuous sheet of limestone beds covering the whole of the district within 
which the isolated fragmentary remnants now exist. But the inference 
here drawn from the existence of this whole calciphile unit, and of Ranun- 
culus paucifolius in particular, is that these beds must once have been more 
extensive and more nearly continuous than they are now. The ancestral 
Rxinunculus may well have existed upon soils of pre-Tertiary origin and 
developed there its xerophytic characters, while one form of it established 
itself especially upon the limestone, developed characters accordingly, and 
ultimately become virtually incapable of maintaining itself elsewhere. 
Thitf is, at any rate, one hypothesis which seems to fit the facts. But the 
exact sequence of events can here, in the nature of things, be only a matter 
of conjecture. 

4 — Trans. 
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This comparatively wide area must have had, at some remote period, 
a steppe or semi-deseii} cjimate, under whose influences a xerophytic and 
partly calciphile flora developed and flourished, and it is likely that what 
we now have i^presents only a portion of this flora, many species having 
probably died out altogether. 

This area must have been partly a peneplain (upon which alone 
R. paucifoliuSy it would seem, could “ originate ’’ and flourish), and would 
probably be conterminous with a range or ranges of hills with limestone 
rocks exposed and weathering into dust ex^ictly as they now do on the 
small area here under observation. But such peneplain need not have 
consisted entirely of Tertiary limestone beds. 

The area would be in the nature of a strip or belt, of no very great 
width and probably much interrupted, corresponding roughly to the shore- 
line or lines of the hypothetic Tertiary sea or seas. It would be con- 
terminous with and more or less alternated with an area or areas of 
pre-Tertiary formation, probably lying to the north and east, as posited, 
by Cockayne (1911, pp. 343-44), by way of which probably the 
mesophytic flora would return when a more humid climate should prevail 
in this area. Upon this pre-Tertiary area the related species, JR. chordo- 
rldzoSy &c., would have originated and flourished, or that single species or 
form from which they and R, paucifoUus trace their common descent. 

The greater part of these limestone beds was destroyed by erosion of 
various kinds in subsequent ages, leaving only the present small isolated 
remnants, of which the Trelissick Basin is one of the largest. 

It is impossible that by the elevation of the land 3,000 ft. or 4,000 ft. 
(Haast, Hutton, Park), and the consequent refrigeration and glaciation, 
the whole flora of the district (as has been thought) was driven to another 
tract, now non-existent, and returned with the subsidence of the land and 
consequent change of climate. “ Ketum ’’ of a calciphile flora over areas 
upon which the Tertiary beds had been destroyed would be impossible, 
especially since, as .we have seen', this flora as a unit is not a “ traveller ” ; 
and we cannot escape the conclusion that this plant community has been 
represented within the area of the small basin, since it first established 
itself or “ originated ” in that neighbourhood. 

Glaciation bears upon the question in two ways 

(1.) Hutton (1900, p. 176)^ followed by Cockayne, correlated the sup- 
pose drought epoch, of which our flora shows signs, with the glacial epoch, 
which he placed in t*he older Pliocene period. This view was adopted by 
Cockayne (1901, pp. 280 et seq.) ; but that authority believed that at the 
height of the glaciation the eastern mountains (within which this area is 
included) might still support a xerophyte flora like that of the shingle-slips 
of the present day (Cockayne, 1911, pp. 348 et seq,). 

The view of Speight (1911) and others is that the last glacial epoch is 
much more recent, that the drought period was correlated with it (Cocka 3 me, 
1911, p. 344), that the Tertiary deposits were continuous over a much 
larger area than is the case now (Speight, 1916, p. 364), that the Castle HiU 
area probably escaped glaciation altogether (Speight, 1917, pp. 323 et seq,), 
and that the Trelissick Basin at the height of glaciation was ‘‘ probably 
a snowfield ” (Speight, 1917, p. 323). 

It would seem certain that a steppe climate or period of drought must 
have obtained her6 over a large area at least once (probably more than once) 
since Tertiary times, but to the present writer it seems quite uncertain 
whether this was coeval with and resultant from the glacial epoch or not 



Wall.— Ranunculus paucifolius T, Kirh, 99 

and the analogy of other lands would seem to show that such a climate 
may have existed in New Zealand independently of any glacial epoch, 
whether that epoch be (with Hutton) older Pliocene or (with Speight and 
others) Pleistocene, The question whether the “ drought ” be Pliocene or 
Pleistocene is here dwelt upon becausej whatever conditions obtained and 
whatever balance was established at the end of the “ drought,” if that 
“drought” were Pliocene that balance must in all probability have been 
disturbed and a new set of conditions reached when the later Pleistocene 
glacial period came. The problem is, then, to discover what were the con- 
ditions during and after some more recent period, rather than during and 
after the exceedingly remote period of any possible Pliocene glaciation and 
concomitant steppe climate. 

(2.) Glaciation also has been supposed to have been the chief, though 
not the sole, eroding agency by which the great area of Tertiary beds was 
destroyed (Hutton, 1885, p. 92 ; Speight, 1915, p. /337). The question 
of the agency by which, and the probable period during which, these beds 
have been destroyed is, however, one of secondary import in this connection. 
It is enough, for the botanical problem, if it is decided that they once 
existed, have been in one way or another largely destroyed (being now repre- 
sented by the small isolated fragmentary areas which remain to us), and 
that the Trelissick Basin (including the small area here studied) escaped 
glaciation and any great degree of refrigeration during any glacial epoch. 
We may then imagine the ancient birthplace and habitat of Ranunculus 
paucifolius and its associates to have been a semi-desert area of flat or 
flattish plains diversified with ridges and islets of higher ground, and neigh- 
boured closely by a range of limestone hills or even mountains. The whole 
landscape would have a yellow hue ; upon the surface large areas of unstable 
shifting debris would possibly alternate with ridges of more grassy and 
closed formation. Strong winds would be frequent and dust-storms violent. 
The vegetation would be sparse and harsh, including the species here 
described, and no doubt many others which have perished ; a pale-purple, 
greyish, and brown colour scheme would predominate. The land would 
be occupied by no animals save lizards and birds, its whole appearance 
being monotonous, parched, and glaring ; while the dreariness of the 
scene would be enhanced j3y the setting of pallid limestone, rocks of 
grotesque and fantastic form — chessmen, collar-studs, sea-lions, and gorilla 
torsos. The general appearance of the limestone desert might be much 
like parts of the Skhara— e.^., as figured in plate 345 of Schimper’s Plants 
geography y p. 614. 

If Speight’s (1911) hypothesis of a pluvial climate in post-glacial times 
be accepted — and certainly the' evidence collected by him seems to be 
conclusive — this community and others like it must have passed through 
and survived such a period, unless the districts in which they exist have 
been specially favoured. There is little or no reason to suppose that this 
was so, for, although Cockayne (1900) mentions that the Trelissick Basin 
is now very, dry climatically, old residents do not support this view ; and, 
in any case, the fact, if established, that it is now dry does not prove that 
it was always so in the remote past. 

Origin of the Group to which it belonged. 

With regard to the historical development of this group of Ranunouli; 
if the neo-Lamarckian view of the origm of species be adopted — ^the theory 

4 * 
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of direct adaptation or self-adaptation, as understood by Warming (1909) 
— it would seem probable that a single ancestral form of Ranunculus deve- 
loped under conditions of extreme drought into a typical xerophyte, and 
that, after the conditions to which it had adapted itself had been modified 
or completely changed, this plant maintained itself against the compe- 
tition of a mesophyte flora in certain localities — i.e., shingle-slips — ^in which 
it had an advantage, and in course of a long period of time, existing only 
in isolated areas completely separated from one another (one of which is 
the limestone area here described), it developed those comparatively trivial 
distinctive characters (especially in the cutting of the leaf) which now 
distinguish the “ species from one another. 

According to De Vries (1912), however, such speculations and conjec- 
tures as to the conditions under which a species originated are idle, and 
can achieve no result. Speaking of “ beautiful adaptations ’’ to local 
conditions, he says : “ In no case is it possible to tell whether the species 
have acquired these during their migration or during their stay in the new 
environment, or perhaps previous to their being subjected to the influence 
in question ” (p. 592). Again : “ Adaptations to new conditions [which 
are conceded] depend upon characters which were inherent in the species 
before it arrived in the new environment. The characters themselves 
are not the effect of the external influences considered ” (p. 579). Such 
characters, it is contended, cannot be good specific marks ; they fall within 
the range of “ fluctuations ” (as distinguished from mutations) and “ cannot 
lead to constant races ” (p. 540). The species thus modified or adapted 
remains essentially the same, and will, if replaced in the favourable con- 
ditions, resume its older form (as in the classic experiments of Cockayne 
upon seedling forms, and those of Bonnier upon alpine plants). The sole 
condition required in the plant is therefore “ high plasticity.” We must 
not say that a species originated under the stimulus of its environ- 
ment, or that it acquired new characters in response to changed con- 
ditions : that would be confusing cause and effect. “ Fitness for present 
life-conditions . . . can hardly be considered as a result of adapta- 
tion, and we have to recur to previous hypothetical environments to 
explain the much-admired adjustments. All speculations of this kind 
are merely reduced to more or less plausible and more or less poetical* 
considerations ” (p. 574). It is concluded that “ geological changes of 
climate may have been accompanied by the production of new forms, but 
there is no evidence that this has occurred in such a way as to provoke 
directly useful changes”; that “the characters of local and endemic types 
do not betray any definite relation to their special environment ” ; and, 
finally, that “ the facts which are at present available plead against the 
hypothesis of a direct adjusting influence of environment upon plants, and 
comply with the proposition of changes brought about by other causes and 
afterward subjected to natural selection ” (p. 595). The author then restates 
his personal belief “that the species-making changes occur by leaps and 
bounds, however small.” 

If these conclusions be accepted, the case of Ranunculus paucifoUus 
and its associates may be thus considered in their light. It is generally 
accepted that a period of more or less severe drought or “ steppe climate ” 
has been passed through by a great part at least of the flora of New 

♦ The writer explains in a footnote tlmt this epithet is not intended to convey any 
reproach. 



Wall. — ilanunculus paucifolius T , Kirh, 


101 


Zealand. The particular community ‘here studied shows this with especial 
clearness, consisting as it does of a small association of plants all of which 
show very definite xerophytic adaptations, while some of them can exist 
only under certain very special and peculiar edaphic conditions such as 
may have obtained more widely in the past. The conditions governing 
plant-life before and during this period of drought may be supposed to have 
been much the same as those of the Sahara at the present time, thus 
described by De Vries (after Battandier) : “ Originally this region must 
have had an ordinary’' degree of rainfall and moisture . . . Then . . . 

the rainfall must have slowly diminished, taking centuries ... to 
reach the conditions which now prevail. The consequent changes in this 
flora must have been correspondingly slow, and must have consisted mainly 
in the disappearing of the larger part of the species ; first of those which 
were dependent on the higher degree of moisture ; then of others ; until 
at the present time only the most drought-resisting forms are spared ” 
(pp. 589-90). He proceeds to show that no specific changes, probably, 
were brought about by this process ; that a large number of the species 
of this arid region are monotypic genera, each genus consisting of a single 
species ; whereas, “ if there had been any degree of adaptation during this 
whole period of increasing dryness, new species would have been produced 
— ^from those forms which by their own inherent capacities would be the 
very last to be threatened with extermination. These genera would there- 
fore have produced quite a number of smaller or even of larger species, 
adapting themselves more and more to the changing conditions and stock- 
ing the desert, in the same way as other deserts have been stocked, from 
adjoining countries! ” As this has not happened, it is concluded “ that the 
single species . . . have not undergone any change in the direction 

of drought-resistance, but have simply been those which happened to be 
the best fi.tted for the life in the desert. A thick epidermis, a small display 
of leaves, long and deep roots, were ^ the main qualifications for this 
choice ” (p. 590). ^ 

Then, in our case, we assume that the moister climate re-established 
itself ; the mesophyte flora which had been destroyed here, but had main- 
tained itself in some adjoining land where the conditions remained favour- 
able, returned and gradually repeopled the desert or semi-desert, while 
the xerophytes retreated before it to those places, such as shingle-slips 
and areas like the small hollow at Castle Hill, where they had an advantage 
and have subsequently maintained themselves. But, in contradistinction 
to what has been said above, we must accept the following propositions 
as to this community of plants 

(1.) The species here studied — e,g,, Ranunculus paucifolius, Lepidium 
sisywhrioides, Oreomyrrhis andicola var. rigida, and Poa aciculanfolia — 
all existed and held their own among the pre-drought mesophyte flora, 
but not perhaps exactly in their present form, since “ adaptations ” are 
not denied except as differential marks of new species. The only alter- 
native is that they have originated, some or all’ of them, since the period 
of “ drought.'’ 

(2.) All these species must have had a high degree of plasticity, and 
thus they are able gradually to accommodate themselves to the increasingly 
severe drought ; but all must have had already, at the beginning of the 
period, a definitely drought-resisting structure, and this was not at any 
time acquired by any of them in response tq any external stress, and it 
would be at first quite usejess to them. 
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(3.) Each of these species originated by a mutation or sudden change 
involving the introduction of at least one quite new unit-character,* and 
this must have happened at some period anterior to that of the drought, 
not as a result of any such condition. Like other differential characters 
in general, those induced by this mutation would be at first perfectly 
useless (De Vries, 1912, p. 534), and the changed form would get its 
advantage only by the chance of the occurrence of the drought. The 
new character or characters then became useful ; but we must resist the 
temptation to regard the useful character (e,g., the excessively thick and 
coriaceous le^f or long thick roots of the xerophytic Ranunculi) as an 
adaptation to the needs of the new external condition. 

(4.) As “ adaptations can in this case not be denied, it follows that 
all the changes which are truly “ adaptations ” in these species are of the 
nature of “ fluctuations,” and if any of them be cultivated under more 
favourable conditions the “ adaptations ” will disappear ; the plant will 
then retain only so much of its xerophytic character as it had at the 
beginning of the drought, which gave it its initial advantage over others, 
and which was the result of some previous mutation. Until each plant 
of the community, therefore, has been so transplanted and tested it is 
impossible for us to tell which of its characters ought, and which ought 
not, to be regarded as differential specific characters ; and it follows that 
the status of each is doubtful except where the plant has no near relatives 
at all among existing plants. 

(5.) It is very improbable that the species of this community were all 
produced in the early stages of the drought by mutation. It is assumed 
“ that the origin of new forms is not due to a hard struggle, but is promoted 
by a luxuriant environment and by easy conditions of development ” 
(De Vries, 1912, p. 520). It is shown that a species (or genus) which is in 
a “ state of mutability ” may produce whole groups of new forms, even 
“ swarms ” (as in the case of Braha or Viola in Europe), though some- 
times apparently such changes are only sporadic (p. 549). In this case it 
must be supposed that at some more or less remote period before the 
drought each of the genera Ranunculus, Lepidium, Oreomyrrhis, Myosotis, 
and Poa passed through a “ mutation period ” and threw off numbers of 
new species, some of which would immediately perish, while others would 
maintain themselves for shorter or longer periods under the stress of 
natural selection, and finally the species here perpetuated would alone ^ 
survive under the fierce stress of the drought until rejoined by their 
relatives under the new climatic conditions. 

(6.) Narrowing down the proposition to the particular genus and species 
here studied, we must believe that there existed at the beginning of the 
period of drought a species (or possibly more than one) of Ranunculus 
which had originated by mutation at some period (as to which it is useless 
to speculate) having peculiarly thick leaves, long roots, and other characters 
which gave it an advantage when the drought began to be severe. These 
characters, however, had been acquired by it owing to causes which are 
completely dark to us, not in response to any external stimulus or stress 
of environment. Fortunate in possessing these characters, it continued 
to live when other less-favoured Ranunculi perished, and it may or may 
not have changed under the new conditions, adapting itself thereto. But 
if it did so change it acquired no new imit-character ; and aU its modifica- 
tion remained mere “ fluctuations,” and under more favourable conditions 


♦ One is enough (De Vries, 1912, p, 662, in re Oenothera giga8\. 
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would disappear and leave it as it had been when the drought began. The 
five species here treated as a collective group would represent varying 
degrees of “ adaptation ” of this kind, and none of them is a true species, 
or even a microspecies, unless it already possessed its distinguishing specific 
characters at the beginning of the period. In this respect Ranur^jculus pauci- 
foUus is like any of the others of the group, and it is impossible for us to 
tell whether it originated from the same ancestral form with them or was 
already a true species when the stress of drought came upon it. Its 
“ adaptation ” to a limestone soil is thus most probably not a specific 
character, but an adaptation of the unstable kin^ which may disappear as 
soon as the need for it is withdrawn. The test of cultivation can alone 
decide this point. 

It would be beyond the scope of this paper to discuss all the difficulties 
which stand in the way of a full acceptance of these propositions. But 
it may be said that the words “ however small ” Species-making changes 
occur by leaps and bounds, however small **) seem to imply a very great 
concession. Changes of the nature of “ adaptations ” to new conditions 
are not denied (De Vries, 1912, p. 579). “ It is clear that we may caU all 
these changes adaptations to new conditions. But then we must concede 
that these adaptations depend upon characters which" were inherent in the 
species before it arrived in the new environment.’’ And, as very small 
changes may be due to true mutations, there seems to be no very great 
difference between the opposing views. It is admitted that under new 
conditions a species may change very greatly and appear to become quite 
a different species, and it is admitted that imder new (as under any other) 
conditions a species may acquire very small new characters by mutation 
and so become a new species. Is it not possible that the state of 
mutability,” whose causes have hitherto remained obscure, may be induced 
by the impact of new conditions and the demands of a new stress ? No 
very great adjustment seems necessary to reconcile this view with that of 
De Vries. He says that plants may change and adapt themselves gradually 
to new conditions, but no new species can originate in that way ; changes 
so induced are not mutations.” It may be suggested, on the other hand, 
that possibly new characters, due to “ mutations,” may be acquired by the 
plant as a direct response to Nature’s ultimatum, ‘‘ Change or die ! ” 

Conclusions. 

1. The original description of the species by Kirk is not quite accurate. 
The number of the leaves is not abnormally small, being frequently 5 and 
may be as many as 9. The style, when the achene is ripe, is curved, 
not straight. The flowering-period is late October and November, not 
December. The petals number 5 to 8, 

2. It is one member of a xerophytic plant community, or association, 
of very ancient origin, and is specially adapted, like some others of th^t 
community, to live upon a limestone soil, or, rather, debris formation. 

3. Though its habitat is now, so far as is known, extremely restricted, 
it must formerly, with its associates, have been distributed over a far more 
extensive area of Tertiary limestone beds. This conclusion supports that 
reached by Speight (1915, p. 345) upon quite different evidence. 

4. It is the product of a period of drought or steppe climate, which 
directly caused the development of its xerophytic characters ; and in this it 
resembles the other members of the community to which it belongs, one 
which was formerly, in all probability, far richer in species, and perhaps 
even in genera, than it is now. 
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5. It is adapted only for life under very special and peculiar conditions — 
its confinement to gentle gradients and to a limestone soil — which 

conditions have been provided and preserved for it, by a series of fortunate 
chances, in one small locality only (so far as is known at present). 

6. Its life-history may be thus summed up conjecturally : Originating in 
the very remote past during a period of drought (which was probably very 
long) somewhere within or not far from an extensive area of Tertiary lime- 
stone, this plant acquired marked xerophytic characters and flourished, 
maintaining itself with ease, and as the area upon which it grew was 
slowly and gradually eroded (or perhaps, in parts, more rapidly by glacia- 
tion) it was restricted to areas continually diminishing in size and farther 
and farther separated from one another, until it remained in only one very 
limited area peculiarly situated and adapted to its needs. Here, as in 
its original state, it had little or no severe competition to meet and over- 

• come, and for countless ages it has continued to exist there, surviving at 
least one great period of glaciation, which itff habitat escaped ; at least one 
pluvial epoch, which could not be favourable to it ; and finally the various 
dangers resultant upon human occupation — depredations of stock and 
of hares and rabbits, pests and blights, and agricultural necessities and 
accidents, such as the plough and the wax match. Thus Within its own 
narrow nook, secure from the competition of rivals, this strange plant, 
relic of an earlier day and clime, is passing slowly and, it may be permitted 

to fancy, unreluctantly away before our eyes in an age-long euthanasia. 

• 

1 desire to express my great obligation of Mr. Ti. Speight, who with 
infinite trouble and pains took photographs of the plant in situ and of the 
locality ; to Dr. W. P. Evans, who also photographed and sketched the 
locality and took the necessary observations of heights and levels and ^^he 
measurements of the area ; to Mr. A. E. Flower, who, with Dr. Evans, 
assisted me in the task of counting the plants ; and to Dr. L. Cockayne, 
who has most kindly read over the whole of tiie paper and given me the 
benefit of his invaluable suggestions and criticisms. 
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Postscript. 

This paper has been submitted to Professor Hugo de Vries, and he has 
sent me this comment : — 

“ It is, of course, interesting for me to read a statement of my views 
from a neo-Lamarckian standpoint, and the concession that the facts 
described by you do not contain any argument for a decision between 
the two contrasting theories. 

“ For me your article shows that JR. 'paucifolius, JR. chordorhizos, R. 
crithmifolius, and R, Haastii must have had a common ancestor, which 
was already a xerophyte, and that they must have inherited this character 
from it. This ancestor may have had the same geographical distribution 
which is now shown by the aggregate of its descendants. Perhaps one 
of them is identical with it ; perhaps it has wholly disappeared. Under 
what conditions it lived we can, of course, not know, nor where and when 
it acquired its xerophytic properties. To conclude that it must have 
acquired them in a period of drought would be a circulus vitiosus, since it 
would simply be applying the theory to a special case and then considering 
the case as a proof of the theory. 

You say that possibly new characters may be acquired by a plant 
as a direct response to Nature’s ultimatum, ‘ Change or die.’ This is the 
old view, but not mine. The article you quote from was just intended 
to show that, as far as we know, the response has, as a matter of fact, 
always been, ‘ I canpot change at your will and so I must die.’ 

‘'You assume that your plants have passed through periods of moisture, 
but have retained their xerophytic character nevertheless. It seems to me 
that this is conceding that external conditions do not, as a rule, provoke 
corresponding useful changes. They may do so, or seem to do so, or they 
may not. My view, that mutations, although, of cotirse, caused by external 
conditions, are not necessarily responses to the ‘ demands of a new stress,’ 
seems quite adequate to interpret your facts. I gladly concede that the 
causes of mutations are still dark to us, but then I say that responses such 
as Warming and other neo-Lamarckians suppose are far darker. Especially 
if you take into consideration what is now known concerning the structure 
of chromosomes and the. distribution of the hereditary characters in them, 
it seems impossible to imagine the nature of such a supposed response. On 
the other hand, if we do not know the causes of mutation, the fact of 
their occurrence has been proved in so numerous individual cases that it 
can no longer be doubted, even by those who want to exclude the Oenotheras 
from the discussion. 

“ I shall be very glad to learn the results of your garden cultures. 
I should not wonder if your plants would behave just like the creosot- 
bush of Tucson, and prefer better conditions to those which they enjoy (?) 
just now. To me it seems that plants are found in tliose localities where 
they can better endure the circumstances than their competitors. But 
whether they really enjoy them, or would prefer more moisture and more 
fertile soils, and so on, is another question.” 



106 


Xramactiom, 


Art. XVI. — Helichrysum dimorphum Cockayne — a Hybrid? 

By A. Wall, M.A., Professor of English, Canterbury College. 

[Read before the Canterbury Philosophical Imtitutet 1st October, 1919 ; received by Editor^ 
3rd October, 1919 ; issued separately, 10th June, 1920.] 

Helichrysum dimorphum was discovered by Cockayne near the confluence 
of the Poulter and Waimakariri Rivers and described by him in 1915. 
Another plant was found by the same authority at Pufier’s Creek, which 
runs into the Broken River not far from its junction with the Waimakariri. 
The two localities are about ten miles apart. The species has not been 
found again. 

I visited the Puffer’s Creek locality in February, 1919, and took speci- 
mens. The object of this paper is to suggest that Helichrysum dimorphum 
is a hybrid between H. filicaule and H, depressum^ just as H. Purdiei seems 
to be certainly a cross between H. glomeratum and H. hellidioides. 

Helichrysum dimorphum is a strong climber. The plant has a lusty, 
thriving appearance, and the branches grow in very great profusion and are 
most thickly massed together. Climbing upon a plant of Coprosma pro- 
pinqua it shows leafless branches in the open, and leafy branches wherever 
it is at all shaded. The flowers, which are not fully open in my specimens, 
are home upon the leafless branches. H, depressum occurs close to it in 
the bed of the creek, and H, filicaule is, as usual in such localities, abundant 
all round it. The plant grows about 8 ft. or 10 ft. above the bed of the 
creek. 

Helichrysum filicaule shows a distinctly scandent or semi-scandent habit 
whenever it grows among taU plants, such as Discaria or Leptospermum. 
I have collected specimens over 2 ft. in length at Akaroa and elsewhere, 
one of these being found in the immediate neighbourhood of the Puffer’s 
Creek plant when 1 was unsuccessfully searching for it in 1917. H, depressum, 
on the other hand, has been observed growing in actual contact with plants 
of Discaria without showing any tendency to climb. 

My suggestion is that H, dimorphum is a cross between the two, 
deriving its scandent habit from H, fiUcaule, and its strength and solidity 
of form, which enable it to become a true climber, from H. depressum. 
As regards the inflorescence, H, dimorphum appears to be more closely 
related to H. depressum than to H, filicaule. The flowers in my specimens 
are just suASiciently advanced to make this quite clear. The resemblance 
to the flower and involucre of H, depressum is very close indeed. The 
flower is sessile at the tips of the branches, as in H, depressum, not terminal 
on a long filiform peduncle, as in H, filicaule ; and the involucral bracts in 
their number and arrangement are exactly like those of H, depressum, 
the involucre being rather cylindrical than hemispherical. 

In support of the theory I should adduce the following considerations : — 

(1.) In both its localities both H, filicaule and H, depressum are present 
at no ^eat distance. In the Poulter locality the plant grows on the top 
of a high terrace (perhaps 60 ft. to 80 ft.) above the river, in whose bed 
H, depressum is abundant, while H, fiUcaule is present everywhere about it. 
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(2.) The leafy parts strongly resemble H. filicaule, and the leafless parts 
H. depressum, 

(3.) The plant is of extreme rarity, and this would be accounted for, 
in part, if H. dimorphum were a hybrid between the two plants named. 


Postscript. 

Since the above was written I have observed the plant in great 
quantities on the Lower Poulter, on the Esk River near its confluence 
with the Waimakariri, and along the Waimakariri itself between the con- 
fluence of the Poulter and that of the Esk with that river. .The Esk 
mouth' is not much more than five miles from the Puffer’s Creek locality. 


Art. XVII . — On the Occurrence of Striated Boulders in a Palaeozoic 
Breccia near Taieri Mouth, Otago, New Zealand, 

By Professor Jam^ Park, F.6.S. 

[Rend before the Otago InstUtUe, 9th December, 1919 ; received by Editor, Slat Decembef^ 
1919 ; issued separately, 10th, June 1920, 

In a small cove close to Rocky Point, which is the first headland on the 
south side of Taieri Mouth, and about a mile and a half from the Taieri 
jetty, there is a conspicuous bed of coarse red and green breccia. It is 
underlain by bluish-grey micaceous phyllites, and overlain by altered 
flaggy greywacke. The strike of the breccia and associated rocks is about 
N.N.E.-S.S.W., and the dip S.S.E. at angles ranging from 5° to 30®. 
Generally the inclination of the lowermost b^s is flatter than that of the 
uppermost beds. At Taieri Mouth the dip of the grey micaceous slaty 
rocks ranges from 5° to 15°, and that of the greywacke south of Rocky 
Point from 15° to 30°. 

The breccia is well exposed in the sea-cliffs near Rocky Point, and can. 
be traced northward along the line of strike one-third of the distance to 
Taieri Island as a line of submerged reef that is in places awash at low 
water. It is not present on Taieri Island.. 

To the southward of Rocky Point the breccia ought to crop out on the 
ridge between that place and Akatore Inlet, but I failed to find it there. 
It is a rock not easily overlooked, and I am inclined to believe that it 
peters out before it reaches the crest of the ridge. It is probably a lens- 
shaped mass with' a maximum thickness of some 120 ft. 

At Rocky Point the breccia resembles a consolidated rock-rubble, being 
mainly composed qf a confused pile of angular and subangular fragments 
and blocks of red and green siliceous slaty shale. It also contains numerous 
masses of an excessively hard jasperoid and aphanitic breccia that appear 
to have beeu torn from some pre-existing breccia. The constituent frag- 
ments range in size from small grains to masses many feet in diameter. 
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The largest block- in the breccia occurs in place, at the foot of the 
sea-cliff in the first sandy cove south of Rocky Point. It is an included 
breccia-boulder, partially rounded at the corners and sidesj compact, and 
intensely hard; It measures some 7*5 ft. by 5*3 ft. by 4*6 ft. Its upi>er 
surface is fairly flat, and covered with distinct striae that, as a rule, run 
parallel with the longer axis of the block. The area of the striated surface 
is about 10 square feet. Several of the smaller included blocks on the 
south side of the cove are similarly striated. 

This remarkable rock resembles the typical Te Anau breccia of Sir 
James Hector. It is underlain, apparently conformably, by the semi- 
metamorphic Kakanuian rocks of Hector, which everywhere in Otago 
overlie the mica-schists of Central Otago. There is no internal evidence 
to fix the age of the Kakanuian rocks. All that can be said is that they 
underlie the Mount St. Mary series, which is Triassic, and overlie the 
mica-schists of the interior. The Te Anau series of Hector, as identified 
by him in Nelson, conformably underlies the Maitai series, which is now 
known to be Upper Carboniferous or Permo-Carboniferous. I have always 
foimd it difficult to separate the Te Anau rocks from the Maitaian, and iii 
1910 grouped them as belonging to the same formation. Hector ascribed 
the Te Anau series to the Devonian period, the only evidence in favour 
of this being its inferior and conformable relationship to the Maitaian, 
which he placed in the Carboniferous. 

In Nelson and Marlborough, the rocks identified by Hector and McKay 
as belonging to the Te Anau series aro underlain by semi-metamorphic 
rocks of supposed Kakanuian age. 

The Taieri Mouth breccia and overlying greywackes may very well 
belong to the Te Anau series of Hector, and the underlying grey silky 
micaceous phyllites to the Kakanuian. If this position can be established, 
the Taieri Mouth breccia may be placed in the Upper Carboniferous or 
Permo-Carboniferous. 

This is the first discovery of striated boulders in the Palaeozoic 
formations of New Zealand, and the origin of the striae is certain to give 
rise to some diversity of opinion. 

The stria tion may be glacial or dynamical. If the striated boulders 
occurred along the fracture of a shear-plane I should ascribe the striation 
to shearing. Though crushed and broken, the breccia shows no evidence 
of shearing along defined planes, and for this reason I am inclined to 
favour the glacial hypothesis. 

’ If the glacial view be sustained we are at once confronted with the 
questions — (a.) What relationship, if any, does the Taieri Mouth breccia 
bear to the glacial deposits reported in the Upper Palaeozoic formations 
of India,* Australia, f South Africa,! and Brazil§ ? (6.) Was the glaciation 

alpine or secular ? (c.) Did the ancient Gondwana continent extend south- 

ward to the New Zealand area ? 

♦ H. B. Mbdlioott and W. T. Blanfoed, Manual of (he Geology of India, pt. i, 
p. 110, 1879; and R. D. Oldham, Quart. Jour, Oeol. Soc., p. 469, 1894. 

' t T. W. Edgeworth David, Geology of the Hunter River Coal-measures, Mem. 
Oeol. Surv.N.S.W. No, 4, p. 124, 1901. 

X E. T. Mellor, Study of the Glacial Conglomerate in the Transvaal, Quart. Jour. 
OtoL Soc,, vol. 61, p. 682, 1906; W. M. Davis, Bull. Geo, Soc. Am., voL 17, p. 413, 
1906; and others. 

§ David White, Permo-Carboniferous Climatic Changes in South America, Am. 
Jour. Oeol., vol. 15, p. 618, 1907. 
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Art. Xyill. — The Tawhiti Series, East Cape District. 

By P. Marshall, M.A., D.Sc., F.G.S., F.N.Z.Inst., Hector and Hutton 

Medallist. 

[Read before the Wanganui Philoaophical Society, Srd December, 1919 ; received by 
Editor, 31st December, 1919 ; issued separately, 10th June, 1920.] 

The true geological position of the strata that are exposed on the coast- 
line between Tokomaru Bay and the East Cape has never been definitely 
ascertained, for we have had to rely on rather incomplete statements of 
McKay. Fossils of a true Cretaceous nature were reported as occurring 
in some abundance near Awanui. I visited the district in January, 1919, 
in company with Mr. J. A. Bartrum,. with the primary object of making 
collections of fossils from the localities that were mentioned by McKay, 
in the hope that study of them would be of assistance in unravelling some 
of the debated points in regard to the relationship of the Cretaceous rocks 
to those of Tertiary age in New Zealand. 

We spent two days on the coast near Awanui, but failed to find any 
of the ammonites and other fossils that were mentioned by McKay.* 
The only fossil remains that we found were some fragments of Inoceramus 
near the wharf at Awanui and a number of small worm-tubes a little to 
the north of that place. Inoceramus was very abundant in the con- 
cretionary boulders on the north side of Tuparoa Bay, and there were also 
fossils in the marls on the south side of the bay. These, however, were 
badly preserved, and seemed to be of a distinctly Tertiary nature. The 
stratigraphy is extremely involved, and the strata Have sfipped so much, 
while the sections are so discontinuous, that in the limited time at our 
disposal we were quite unable to come to any detailed conclusions on the 
question of the relationship of the strata. 

At Tawhiti Point, on the north side of Tokomaru Bay, fossils are 
quite numerous, and they are also abundant in the shell conglomerate 
which occurs on Tawhiti itself at an elevation of 500 ft. or more. From 
the former of these localities over a distance of about a mile along the coast 
from Kotunui Point a representative collection of fossils was made. McKay 
collected from these beds in 1872, and he made a further reference to them 
in 1886, when he classed them of Upper Miocene age.f 

Hutton, J in his paper on the geology of New Zealand, places the Tawhiti 
beds in the Pareora system, which is regarded by him as the equivalent 
of the Miocene of Europe. 

No list of fossils that were found in these rocks has yet been published. 
The rocks are described by McKay as soft brown sandstones. We found 
that in their unweathered state they are of a grey colour and fine-grained. 
They are formed partly of small grains of quartz, with a good deal of 
partly-weathered feldspar, and black grains which seem to be volcanic 
glass. It is almost certain that the sand is of volcanic origin. The 
strata are considerably inclined, and strike 41® and dip 37® north-west. 
The thickness of the strata of which Tawhiti is composed is very consider- 
able. Tawhiti itself rises to a height of 1,670 ft., and if the strike and 

* A. McKay, Rep. Oeol. ExpUrr. dur. 1873^74, 1877, p. 124 ; 1886-^87, 1887, p. 214. 

t A. McKay, Rep. Oeol. Explor. dur. 1873-74, 1877, p. 147 ; 1886-87, 1887, p. 210. 

X F. W. Hutton, Quart. Joum. Oeol. Soc., 1886, p. 209. 
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dip remain the same throughout as at Kotunui Point there cannot be 
less than 3,000 ft. of rocks. Our collections were made from practically 
the lowest rocks that are exposed near Tawhiti. The rocks vary a good 
deal in coarseness and are concretionary in many of the strata, but the 
fossils did not appear to vary much, and we have made no attempt to 
distinguish between the faunas of any of the different strata. Actually the 
thickness of the strata from which we collected was quite small. 

The following is a list of the fossils that were collected by Mr. Bartrum 
and myself. In identifying the species I have had the invaluable aid of 
Mr. B. Murdoch. 

Anomia huttoni (Sut.) 

Astraea heliotropium (Mart.) 

*Atrina sp. 

^CcAUostoma sp. 

Caiyptraea sp. 

^Gomts sp. 

*Gorbula canaliculata (Hutt.) 

Gorhula (Hutt.) 

"^GucuUaea worthingtoni (Hutt.) 

'^Gylichndla enysi (Hutt.) 

*Dentalium manteUi (Zittel) 

DentaUum nanum (Hutt.) 

'^Dentalium solidum (Hutt.) 

*Diplodonta ampla (Hutt.) 

Divaricella sp. 

Dosinia greyi (Zittel) 

Dosinia lambata (Gould) 

*DriUia aff. novae-zdandiae (Eeeve) 

*Oaleodea senex (Hutt.) 

*Galeodea sulcata (Hutt.) . 

Olycymeris laticostata (Q. & Q.) (thick 
form) 

*Macrocalli8ta assimilis (Hutt.) 

Macrocallista muUistriata (Sow.) 

Mactra ordinaria (Smith) 

Mactra scalpellum (Reeve) 

Malletia australis (Q. & G.) 

Extinct species are distinguished by an asterisk. Several of the species 
that are unnamed are certainly extinct, but are not in a sufficiently good 
condition of preservation to allow of a satisfactory description being written. 

This list contains fifty-two species, of which twenty-six are extinct — 
a percentage of 60. If this percentage of extinct species of moUusca is 
taken as a criterion for the correlation of the strata, the Tawhiti series 
must be almost exactly midway between the Target Gully series, where 
there are 35 per cent, of Recent species, and the Waipipi series, in which 
the percentage is 63, This position of the strata is suggested also by the 
very nature of the fauna. On the one hand Olivella neozelanica still persists, 
as well as Diplodonta ampla; while on the other hand a larg^ number of 
species of Miocene occurrence appear, such as Gucullaea worthi'ngtoni, 
Siphonalia conaidea, S. costata, Gcdeodea senex, &c. It is noticeable that 
ihere^ is no species of Limopsis in this collection, and that this genus is 
absent from those that have been made on the coast-line near Wanganui, 


Myodora subrostrata (E. A. Smith) 
Natica australis (Hutt.) 

*Natica callosa (Hutt.) 

*Natica ovata (Hutt.) 

Nucula nitidula (A. Ad.) 

Numlana jastidiosa (A. Ad.) 
’^OUvella neozelanica (Hutt.) 

Ostrea angasi (Sow.) 

Ostred corrugata (Hutt.) 

*Panope worthingtoni (Hutt.) 

Pecten convexus (Q. & G.) 

*Pecten sectus (Hutt.) 

Pecten zelandiae (Gray) 

Protocardia pulchella (Gray) 

*Sinum carinatum (Hutt.) ^ 
"^Siphonalia conoidea (Zittel) 
"^Siphonalia costata (Hutt.) 
"^Siphonalia excelsa (Sut.) 
"^Siphonalia nodosa actuicostata (Sut.) 
"^Struthiolaria cincta (Hutt.) 

Tellina eugonia (Sut.) 

Tdlina Uliana (Iredale) 

Turritella symmetrica (Hutt.) 
Venericardia corbis (Phil.) 
Venericardia purpurata (Desh.) 
"^Voluta corr'ugaia (Hutt.) 
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Art. XIX. — The Hampden Beds and the New Zealand Tertiary 

Limestones. 

By P. Marshall, M.A., D.Sc., F.G.S., F.N.Z.Iiist., Hector and ‘ 
Hutton Medallist. 

{Read before the Wanganui PhUoaophical Society, 3rd December, 1910 ; received by 
Editor, - Slat December, 1919 ; issued separately, 10th June, 1920,] 

The facts that have recently come to light in regard to the palaeontology 
of the Hampden beds may be of some use in determining the relative ages 
of the Amuri and Oamaru limestones.. The number of fossils that have 
been found actually in the Amuri limestone up to the present time is small, 
but such as have been recorded suggest a Tertiary rather than a Cretaceous 
age. ’ Within recent years, however, Thomson (1916, p. 61) and Speight 
(1917, p. 344) have found a fauna in tufi-beds interstratified with the upper 
portion of the Amuri limestone in the Trelissick Basin, in Canterbury. 

The mollusca of this tuff-bed, so far as they have been collected up to 
the present time, number thirty-seven species, of which 19 per cent, are 
Recent. This is clearly a much later fauna than that of Hampden, for 
there the Recent species are no more than 10 per cent, of the total of eighty. 
If attention is focused more on the nature of the fauna than on the per- 
centage the same conclusion will be reached, for the genera Dicroloma, 
Trigonia, Gilbertia, and even Exilia, of the Hampden fauna, have no repre- 
sentatives, or even counterpart, in the collections that have been made in 
the tuff-bed of the Trelissick Basin, the horizon of which is 10 ft. below 
the upper surface of the Amuri limestone as developed in that locality. 
It follows, if the palaeontological evidence is to be rebed on, that the Hamp- 
den beds are considerably older than the upper portion of the Amuri lime- 
stone. If Thomson’s statement is correct, that the Amuri bmestone is 
Cretaceous at the base and Tertiary in its upper portion (he. cit., p. 51), 
the Hampden beds must represent some horizon in the middle or upper part 
of the Amuri limestone. Thomson’s statement, however, is based rather on 
surmise than on actual fact, for up to the present time no fauna has been 
found in the deposits immediately at the base of the Amuri bmestone, 
though at Amuri Bluff itself it is true that only soipe 200 ft. of strata 
separate the beds with Cretaceous saurian remains from the base of the 
Amuri bmestone. 

Irrespective altogether of the accuracy of Thomson’s statement, there 
is reason to believe that the Hampden beds are equivalent to some horizon 
of the Amuri bmestone,. or possibly to an horizon actuaUy below the 
Amuri bmestone. At Hampden itself there is no bmestone, for on the 
fossil-bearing beds, which are mainly formed of greensand, there is a 
great thickness of submarine tuff, scoria, and other volcanic matter. The 
eruption of this apparently affected the sea-floor so much, and for such a 
long time, that all deposition of limestone was prevented. As a matter 
of fact, the first occurrence of bmestone in this neighbourhood is at All 
Day Bay, fifteen miles farther north; and even there the limestone 
stratum is thin, and rests directly on submarine volcanic scoria. Since 
the regular succession of the Oamaru system in its upper members cannot 
be found at Hampden, some other neighbouring locabty must be found 
where it is more complete, and where there are strata recognizable by 
their fossil contents as being of somewhat similar age to those of Hampden. 
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Such a succession can be found neat the Waihao Forks. Here the green- 
sand strata that are exposed on the right bank of the river, between 
the Forks and McCulloch’s bridge, are similar lithologically to the Hamp- 
den beds, and there is a clear stratigraphical succession to the local 
representative of the Oamaru limestone above, as has been clearly shown 
by McKay, Park, Marshall, and all others except Hutton, who gave a 
most surprising account of the stratigraphy. Not only are the Waihao 
greensands similar lithologically to the , Hampden beds, but there is also a 
close palaeontological sii^arity, for the following fossils which have not 
yet been found in any higher or, indeed, any other strata occur in both 
of them — Polinices waihaoensis, Exilia waihaoensis, Tunis regius, Tunis 
complicatus, Surcula serotina, Fusinus solidus, and ^Euthriofusus spinosus — 
though up to the present time only very small collections have been made 
in the Waihao beds. The Hampden beds may therefore be considered as of 
much the same age as, though perhaps a little older than, those at Waihao. 
In this locality, however, the stratigraphy is not complicated by the occur- 
rence of any strata of volcanic origin, and the greensands pass up without 
any break, and within a thickness of 100 ft. of strata, into a limestone 
which is thought by all observers except Park to be the local representative 
of the Oamaru limestone. No collection of fossils has yet been made from 
the limestone at the Waihao, but at Otiake, twenty miles distant, on the 
south side of the Waitaki River, there is a similar limestone, which is con- 
sidered by all geologists who have examined this area to be of the same 
age, and in effect a continuation of the limestone stratum of the Waihao. 
At Otiake a collection of fossils was made by Marshall and others, who 
found sixty-one species, of which 24 per cent, were determined as Recent 

The facts so far mentioned may be summarized as follows : At Cole- 
ridge Creek, in the Trelissick Basin, there is a fossiliferous horizon con- 
taining 19 per cent, of Recent species. This horizon is below the limestone 
(Speight, 1917, pp. 328 and 344), or 10 ft. below the upper surface of the 
Amuri limestone (Thomson, 1916, p. 61). In the greensands at Hampden 
there are 10 per cent, of Recent species. Lithologically and palaeonto- 
logically the Hampden beds are closely similar to those at the Waihao 
Forks, which pass up conformably into the arenaceous limestone. This 
limestone is always correlated with that at Otiake, which in its upper 
portion of 2 ft. or 3 ft. contains 24 per cent, of Recent species. 

Such palaeontological evidence as we have at present therefore clearly 
points to the probability that the age of the Amuri limestone as developed 
in the Trelissick Basin is practically the same as the age of the Otiake lime- 
stone, which is admitted by all geologists excepii Park to be the same horizon 
as that of the Oamaru or Ototara limestone. 

This consideration also shows that too muc£ importance should not be 
attached to the absence of the Amuri limestone in Otago. This material 
is a Glohigerina ooze, which was probably deposited on the floor of a deep, 
clear- water, oceanic area. The Oamaru or Ototara limestone was deposited 
in far shallower water, where Polyzoa abounded, but still outside the area to 
which sediment was carried. The Waihao and Otiake limestones, however, 
were deposited nearer to the shore, in an area to which terrigenous sediment 
was carried, and where tidal scour disturbed the sea-floor. 

It seems unnecessary to call in the aid of local diastrophes to explain 
the .differences between the Canterbury and Otago succession of Tertiary 
rocks, for, as I have often maintained, the differences that exists can easily 
be explained on general considerations. The Canterbury area was evidently 
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more deeply depressed during this middle Tertiary period than Otago, a 
fact that is clearly evidenced by the very nature of the Amuri limestone, 
which is often wholly composed of Glohigerina, but in some cases of other 
pelagic organisms as well. In Otago, on the other hand, the limestones, 
whilst still free from all terrestrial sediment, consist mainly of organisms 
that live on the floor of moderately deep water only. While this is the 
caiSe, however, it must still be remembered that at Oamaru the limestone 
rests on a deposit that is composed of diatoms, Radiolaria, and sponge- 
spicules. Park (1918, p. 50) has lately maintained that this is really a 
shallow-water deposit, an opinion that is based partly on the general 
geology of the district and partly on the nature of the mollusca and 
brachiopods that are found in the deposit. The fossil species to which he 
refers are not name^. In a collection made by me in June, 1915, the 
following mollusca were obtained : Amusium zitteli (Hutton), Nuculana 
{Leda) Lima sp. (small), and Tereh'atnlina suessi (Zittel). These are 
all genera that have a wide occurrence in deep water, and until a list is 
published which contains the names of other mollusca that have a shallow- 
water habitat there is no reason to suppose that the molluscan remains 
in these diatomaceous deposits are incompatible with the accumulation 
of the material on a deep oceanic floor. There is no reason to suppose 
that the water was of the same depth over all that portion of New Zealand 
that was then covered by the ocean. In Canterbury the area in which 
the Amuri limestone occurs was covered by deeper water than that’ portion 
of Otago where the Oamaru or Ototara limestone is found. It may there- 
fore fairly be said that all the palaeontological evidence that is known at 
the j)resent time siipports the belief that the Oamaru limestone represents 
an horizon of the Amuri limestone, and that there are no stratigraphical 
or structural facts known that oppose this conclusion. 

In the north of Auckland the so-called hydraulic limestone covers a large 
area. This limestone is also composed mainly of Globigeri'na ooze, and, 
like the Amuri limestone, it is often highly siliceous, and in places the siliceous 
organisms are calcified, though at others diatoms, Radiolaria, and sponge- 
spicules are in a perfectly fresh condition and can be obtained in large- 
numbers. This limestone has generally been correlated with the Amuri 
limestone of Canterbury, and Thomson’s objection to this has already been 
refuted (Marshall, 1919, p. 248, footnote). In addition, however, to the 
general stratigraphical position of this limestone, there is palaeontological 
evidence of considerable importance. At Pahi, on the Arapaoa Urm of the 
Kaipara Harbour, there is on the foreshore a little to the west of Pahi 
Township a bed of greensand lying between two beds of the hydraulic 
limestone. This greensand contains a considerable number of fossils, as first 
noted by Park. The fossils, however, are in a bad state of preservation, 
and only a few of them can be identified specifically. The following were 
collected in 1916 : — 


Atrina sp. 

Calliostoma sp. 

Cassidea n. sp. 

Corhula canaliculata (Hutt.) 
Cucullaea alia (Sow.) 

Cyiherea sp. 

Dentalium solidum (Hutt.) 

Divaricella afl. cumingi (Ad. & Ang.) 
Limopsis zitteli (Iher.) 

Niccula sp. 


Nuculana afl. hellula (A. Ad.) 
Ostrea afl. corrugaia (Hutt.) 
Panope worthingtoni (Hutt.) 
Polinices gibboisus (Hutt.) 
Psammobia sp. 

Struthiolaria sp. 

Surcula n. sp. 

TelUna sp. 

Turritella amhtdacrum (Sow.j 
Venericardia aff. australis (Lamk.) 
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Although this list is short and many species are not identified, it can 
be asserted that not more than two are Recent species, and even these 
are doubtful. The new species of Surcula is of considerable interest, for it 
belongs to the group that contains S. hamiUoni, S. grarida, and S. torti- 
costata, all of which are restricted to the strata that lie beneath the lime- 
stone near Oamaru. The horizon is probably a little higher than the 
Hampden series, but also lower than the lower fossiliferous bed in the 
Trelissick Basin, to which reference has previously been made. 

The hydraulic limestone of the Kaipara Harbour is thus, from a con- 
sideration of such palaeontological evidence as is available, seen to be of 
approximately the same age as the Amuri limestone of the Trelissick Basin. 

The following changes and additions must be made to the list of the Hamp- 
den molluscan fauna given in Trans. N.Z. Inst., voh 51, p. 235, 1919 : — 

Sijphonalia nodosa Martyn to be Siphonalia nodosa acuticostcUa (Suter). 
Volvtoderma zelandicg Marshall to be Borsonia zelandica (Marshall). 

The list of additions that is given below includes the species mentioned 
in the footnote on the page cited above : — 

Admete anomala (Marshall and Murdoch) 

Efitonium aff. gracillimum (Sut.) 

Epitonium parvicostatum (Marshall) 

Euihriofusus spinosus (Sut.) 

F minus sp. (fragments only) 

Fusinus afi. morgani (Sut.) 

Leptoconm armoricus pseudoarmoricus (Marshall and Murdoch) 
Limopsis aurita (Broochi) 

Limopsis catengta (Sut.) 

Nucula n. sp. 

Nuculana semiteres (Hutt.) 

Pecten aff . fischeri (Zittel) 

Phos sp. (fragments only) 

Protocardia pulchella (Gray) 

Rissoina ohliquecostaia (Marshall and Murdoch) 

Seila attenuissima (Marshall and Murdoch) 

Sinum carinatum (Hutt.) 

Siphonalia senilis (Marshall and Murdoch) 

Soletellina n. sp. 

Surcula hampdenensis (Marshall and Murdoch) 

Trifora aoteaensis (Marshall and Murdoch) 

Turris curialis (Marshall and Murdoch) 

This list raises the total to ninety-three species, of which some thirty- 
nine have not been found elsewhere. Siphoimlia nodosa is now taken out 
of the list, and Protocardia pulchella and lAmopsis aurita are added to 
the number of Recent species, which now number eight, a percentage of 
only 8*7. Cossman has pointed out that the identification of Limopsis 
aurita in New Zealand is an error, and that the species should be called 
L. zelandica Hutton. It is placed here under L, aurita because in other 
lists of Oamaru strata this identification has been made. 
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Aet, XX . — The Tertiary Rocks near Wanganui. 

By P. Marshall, M.A., D.Sc., F.G.S., F.N.Z.lnst., Hector and Hutton 
Medallist, and R. Murdoch. 

[Read before the Wanganui Philoaophicdl Society^ 3rd December^ 1919 ; received by 
Editor, 31st December, 1919 ; issued separatdy, 10th June, 1920. 'I 

The marine strata that occur in the neighbourhood of Wanganui have 
long been the subject of geological inquiry and research. As developed 
along the coast-line they are richly fossiliferous almost throughout their 
extent, and the fossils that they contjain are so closely related to the Recent 
moUuscan faima that the rocks have always been referred to the higher 
divisions of the Tertiary era. A resume of the earlier work that had been 
published on these sediments was given by Hutton (1886, p. 338), and it 
is in general unnecessary to refer to it here. In that paper also Hutton 
gave for the first time a fairly complete list of the mollusca that had been 
collected from the Wanganui system up to that date. The list, however, 
contains also a number of species that had been found in the strata at 
Matapiro and Petane, in Hawke’s Bay, which were considered by Hutton 
to be of equivalent geological age. 

In his Wanganui system Hutton included the blue clays at Castlecliff 
and the blue clays at Patea, but he makes no reference to the rocks that 
outcrop on the coast between those places — the mouth of the Wanganui 
River and that of the Patea River. ^ 

A fuller list, but based upon the same principles and containing 
descriptions of a number of additional species, was published by Hutton 
subsequently (1893, p. 35 et seq.). 

In these papers Hutton rarely makes any statement as to the actual 
Wanganui locality at which the various species were found. For that 
reason none of his lists can be utilized in any statement of the species that 
occur in the beds at Castlecliff and elsewhere along the coast. This is the 
more regrettable because many of the new species that were described in 
the Macleay Memorial Volume were found by Drew in the marine cliffs 
somewhere to the north of Castlecliff. 

Hutton (1886, p. 337) took this course deliberately, for he says, “ In 
order to save space I have not thought it necessary to give separate lists 
of the fossils from each locality, but have contented myself with one list of 
all the species that have been found in the Wanganui system,” but the 
work that has been dpne “ will enable local geologists to fill in the details.” 
This additional work has not been done up to the present time, and the 
details that have to be filled in are so numerous that much time must 
elapse before anything approaching a complete result is achieved. 

Park (1887) examined all the Wanganui and west-coast district for 
the Geological Survey, and in his report there are lists of fossils that he 
collected from the various strata that crop out on the coast-line and on 
the banks of the Wanganui River, as well as a number of other adjacent 
localities. The lists that he gives are, however, far from complete, 
though they reveal the occurrence of a large number of extinct species, 
such as Pecten triphooki, Pecten semiplicatus, Ostrea ingens, Cardium 
spaiiosum, and Perna sp., several of which were regarded by Hutton as 
characteristic of his Pareora system, of Upper Miocene age. 
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In 1916 Thomson proposed to divide the rocks exposed on the Wanganui 
coast-line into the Castlecliffian and Waitotaran series. This proposal, 
however, was not based on any further work, but merely on a consideration 
of Park’s work and of the lists of fossils that he had recorded. 

Murdoch (1900, p. 216) described further species that had been col 
lected by himself and others from the blue clays in the Castlecliff area. 

All of the strata on the coast-line north of Wanganui, as far at least 
as Patea, were placed by Hutton (1885, p. 211) in the Pliocene system. 
Hector (1886, p. 48) placed the strata partly in the Upper Miocene. 
Park (1887, p. 57) placed the beds near Wanganui in the Upper Pliocene, 
those at Nukumaru in the Lower Pliocene, and those between Waitbtara 
and Patea in the Upper Miocene. 

The present work was undertaken partly to discover the thickness of 
the strata exposed on the coast-line, and partly to find out as accurately 
as possible the extent to which the fauna changed as the depth in the 
strata, and therefore the geological age, increased. At first the intention 
was to collect the fossils in every stratum in which they could be found, 
and to make a separate list of the fauna in every case. The great number 
of fossil-bearing strata soon showed that such a project was impracticable, 
and that for the present purpose it was also undesirable, for each single 
stratum contains a small fauna only. If the fauna of each stratum were 
taken separately there would result a very large number of lists, and the 
comparison of these would lead to much confusion. For these reasons 
four different collecting localities have been chosen, and in each instance 
a thickness of about 500 ft. of sediment has been searched carefully, and 
as complete a collection as possible has been made from it. The lists that 
have been made cannot in general be regarded as in any way exhaustive, 
but in nearly every instance several visits have been made by two collectors 
in company. The Castlecliff locality has probably been almost completely 
collected, for much time has been spent in the study of the strata there, 
because it is most accessible. The late S. H. Drew obtained a large 
number of fossils there, and one of us has collected in these strata for 
a number of years, and of late times it is only rarely that any additions 
have been made to previous lists. 

The localities that have been chosen as suitable for the comparison of 
faunas are as follows : — 

(1.) Castlecliff , — A thickness of about 500 ft. of strata, commencing at 
the southernmost end of the sea-cliffs and ending about a mile and a half 
from the mouth of the Wanganui Eiver. Nearly every stratum in this 
thickness is fossil -bearing. Almost all of the strata consist of a fine but 
hard blue clay — the so-called “ papa.” The fineness and general nature of 
this material, as well as the mollusca that it contains, give the impression 
that the material was deposited on the floor of a sea that was not less than 
50 fathoms in depth in this locality. As the strata are followed to the 
north and rise in the cliffs the material becomes a little coarser^^ and often 
changes to a micaceous sand before it works out at the top of the cliff. 
This apparently indicates that the water became shallower in the northern 
part of the district. This conclusion is supported by the nature of the 
fossil mollusca which have been found in the sandy facies of the. strata. 

(2.) Kai Iwi , — This locality is five miles to the north of the previous 
one. The rocks which extend about a mile to the south of the Kai Iwi 
Stream form the source of the collections classified imder this name. 
The material is almost entirely blue clay of a fine unctuous nature. The 
collection that has been made is less complete than those made in the other 
localities. 
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(3.) Nukumaru Beach , — This locality is six miles to the north of Kai 
Iwi, and extends over a distance of one mile to the south of the boat- 
landing. The strata here are of a much coarser grain and are highly 
micaceous. In some of the strata there are pebbly bands. The pebbles 
are formed of extremely hard submetamorphic sandstones, or greywackes, 
often penetrated by quartz veins. Majpy of them are of a green tint. 
Much of the fossiliferous material in this locality is of a concretionary nature. 

(4.) Waipipi Beach . — This is nine miles north of Nukumaru. The 
strata here consist of a stiff and fine blue clay, with occasional bands 
of fine micaceous sandy matter. It is mainly in these bands that the 
fossils are found. The best localities are directly north of the mouth of 
the Waipipi Stream and on a projecting headland three-quarters of a mile 
farther to the north. Sometimes as the sand drifts with changing winds 
and tides very fine fossils are exposed above low-tide level between these 
two localities. 

It may be said definitely that lithologically the strata are of the same 
general nature throughout. A bluish-grey fine-grained sediment is the 
ordinary material. * This in places becomes sandy, especially between 
Kai Iwi and Nukumaru, where there is much false bedding, due appa- 
rently to rough-weather and tidal scouring, for there does not appear to 
be any actual beach formation. Sometimes the fossiliferous bands have 
an extremely marked concretionary nature, and then the rock becomes a 
hard arenaceous limestone ; but this is always a shoal -water rock, and it 
generally contains a number of small pebbles. This is the nature of the 
Nukumaru limestone, which is really a shell conglomerate. This hard 
rock fronts the coast for a distance of some three miles north of Nukumaru 
Beach. 

The strata always strike to the east of north. The most northerly 
strike is N. 27^^ E., at the mouth of the Waipipi Stream, and the most 
easterly N. 85° E., near the mouth of the Kai Iwi Stream. The average 
throughout the whole distance is considered to be N. 70° E. The dip is 
always to the south-east, and its amount is small throughout — never more 
than 6° and never less than 2J°. The average is considered to be a little 
over 4°. 

No dislocations of any importance have been seen in the strata, though 
the sea-cliffs, which are continuous from Castlecliff to three miles north 
of Nukumaru, have been closely inspected throughout the whole distance. 
There are some small faults, but they always have a slight throw only. 
Nothing of the nature of an important unconformity can be seen. Three 
miles to the north of Kai Iwi an old land-surface can be seen distinctly 
in the stratification. The evidence of this is found in a stratum of beach- 
worn pebbles, a carbonaceous stratum with roots penetrating the blue 
clay beneath, and a number of moUuscan bores penetrating it. There is, 
however, no discordance in the stratification, and no species of mollusca 
were found in the strata lying just above the old land-surface different 
from those that were found beneath it. It is, however, noticeable that 
Crepidula gregaria was far more abundant in the rocks below than in 
those above this old surface; The structure is certainly due to a purely 
temporary emergence of what was probably a small portion of the area 
of deposition. 

There is another instance of interbedded carbonaceous matter and 
of penetrating roots near the south end of the Nukumaru Beach, a 
quarter of a mile to the south of the place where the fossil moa-bones were 
found. This is a far less marked instance than the former one. These 
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' two instances emphasize the shallow-water nature of the strata in the 
5Nfukumaru - Kai Iwi section, and they show also that there were tempo- 
rary oscillations, in the level of the land whilst the deposition of thei^ rocks 
was in progress. 

The continuity of the stratigraphical succession is, however, well shown 
by the nature of the fossil moUusca which are contained in the rocks, for 
they display a nearly uniform gradual change as one proceeds northward 
along the coast-line, and therefore into lower strata. It has already been 
suggested that the small pebbles in some of the strata came from the north- 
west of Nelson, but no suggestion has yet been made as to the source of the 
great mass of the blue clay, which constitutes by far the greater part of 
these younger Tertiary sediments. One of the most notable features of the 
mineralogical composition of this blue clay is its highly micaceous nature. 
The mica is muscovite, and whenever a coarser stratum than usual occurs 
the mica flakes in particular are of such a large size that the only origin 
that can reasonably be assigned to them is a granitic rock. There is at 
the present time no such rock known to occur in the North Island, and 
unless some large pre-existing mass has been submerged, or covered up 
by sediments, we must look to the South Island for the rock-mass from 
which all this sediment was derived. There is no reason to think that any 
previously existing granite mass in the North Island is now concealed from 
view, and it is to the South Island that our attention is at once directed. 

In the north-west of Nelson there is now a large area of country which 
is composed of a granite. It is suggested that it is fi;om this rock that 
the younger Tertiary sediments of the Wanganui district were derived. 
It is true that so far as that granite is known there is not a great deal of 
muscovite in its composition; but up to the present time little petro- 
graphical work has been done on the rock, and it is quite possible that a 
portion of the granite, which crops out over an area of some 800 square 
miles, is more micaceous than the few specimens that have been closely 
examined. It is true also that on its seaward margin the granite has a 
superficial covering of Tertiary rocks of a greater age than the Wanganui 
series of sediments. The granite mountains rise, however, to a height of 

6.000 ft., and no Tertiary sediments are exposed at a greater height than 

2.000 ft. It is a fact also that no granite pebbles have been found in the 
coarser strata that often occur in the Wanganui sediments. This objection, 
however, is not a strong one, because the granite is notoriously friable, and 
no pebbles are found on the long beach of Farewell Spit, which is mainly 
composed of detritus from the granite. 

At the present time there is no material on the beaches of the Wanganui 
coast that could have a granite origin assigned to it, and the depth of the 
north-west entrance of Cook Strait is too great to allow of the drift of any 
such material from the South Island, especially when the strong inflow and 
outflow of tides through the strait is considered. If the origin of the sedi- 
ment is to be traced to the Karamea granite, as is here suggested. Cook 
Strait must at that time have been closed, and a continuous beach must 
have extended from Kahurangi Point to the Wanganui area. 

The thickness of the sediments is a mattei; of great importance in the 
subject of this paper. The direction of the strike is, on the whole, so 
constant, and makes such a considerable angle with the coast-line, that 
it is at once evident that in a distance of twenty miles along the coast a 
great thickness of sediment must be passed through. Taking the average 
of the dip and strike mentioned above (strike 70° and dip 4J°), it is foimd 
that the thickness of rocks between CastlecHfi and Kai Iwi is 950 ft., the 



Makshall and } Ax 5 iBXi 00 n .— Tertiary Eocke near Wemganui. 119 

thickness between Kai Iwi and Nukumaru is 1,050 ft., and that between 
Nnkumaru and Waipipi is 1,460 ft. If the rate at which these sedbjients 
were deposited can be approximately estimated, it should be possible to 
calculate the time at which various species of moUusca made their hist 
appearance. ' It is generally estimated th6.t the average rate of deposition of 
sediment amounts to about 1 ft. in 100 years (SoUas, 1905, p. 24). This 
estimate, of course, cannot have a precise application in all actual cases, if 
in any one, because in every case the true rate must depend upon the size 
of the country that is being denuded and is supplying the sediment, upon 
the hardness of the rook of which this country is mainly composed, and, 
of course, upon the distance from the coast-line of the area in which deposi- 
tion is taking place. 

In the present instance the area of land which was undergoing denu- 
dation was probably small, ai^d therefore supplied sediment at a slow rate. 
Whether the land was composed of granite rock or was in part formed of 
sediments that had been derived from granite and raised above the sea- 
level a little while earlier and again submitted to denudation is by no 
means certain. On the one hand, the fact that from Karioi to Waiouru, 
sixty miles inland, rocks of this very young Tertiary age were being 
deposited points to the conclusion that there was at this time a wide ^extent 
of shallow sea in the Wanganui district. On the other hand, the inter- 
bedded land-surface near the mouth of the Okehu Stream supports the 
idea that a part at least of the huge Tertiary area to the north was above 
the sea-level for a portion at least of the period of deposition. If that was 
the case sediment would have been supplied at a relatively rapid rate. 
Until the country to the north has been more fully examined with the object 
of ascertaining how large an area is bare of a covering of these youngest 
Tertiary rocks it is not safe to offer any opinion on this matter. Much of 
the sediment was deposited at a considerable distance from the coast-line, 
and in water of considerable depth. This is proved both by the fine- 
grained texture^ of the sediment and by the nature of the fossil mollusca 
embedded in it. The sediment is generally of an extremely fine grain 
and contains a large proportion of small mica plates, two features which 
point to deposition in an area which was reached by the finest and 
lightest sediment only. 

The fossil mollusca found over the first five miles north of Castlecliff 
are of a nature which indicates that the sea-floor was at a depth of between 
50 and 100 fathoms. At Kai Iwi the depth of the water was probably 
nearer the fornaer than the latter figure. If this were the case the rate 
of deposition must have been a very slow one. Thus the following 
considerations point to the probability of slow deposition : (1) The small 
size of the land area from which the sediment was derived ; (2) the hard 
nature of the rocks that were undergoing denudation ; (3) the distance 
of the area of deposition from the area of denudation ; (4) the depth of 
water in which the deposition took place. On the other hand, it is possible 
that — (1) some of the material was derived from older Tertiary rocks only 
lately deposited (if that were the case the deposition area ,may have been 
quite close to that of denudation) ; (2) some of the strata were deposited 
under shallow-water conditions and close to the shore-line. A balancing 
of these considerations inclines us to the opinion that the material was 
possibly deposited at the rate of 1 ft. of sediment in 200 years. If this rate 
of accumulation is applied generally to the thicknesses of sediment that 
have been already mentioned, we faid that the Waipipi beds are 690,000 
years older, those at Nukumaru 400,000 years older, and those at Kai Iwi 
190,000 years older than the Castlecliff beds. 
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Fossils from Castlecliff. 


The collections in this locality were made in the marine clifis over a 
distance of two miles from the Castieclifi end. The rocks are everywhere 
blue clay, or “ papa',” which, however, has a tendency to become more 
sandy as the strata rise in the face of the clifE when they are followed to the 
northward. This probably indicates that the water became rather more 
shallow in this direction — a conclusion which is supported by the very 
nature of the mollusca that are found in them as they are followed 
northwards. 

In the following lists extinct species are marked with an asterisk. 


Acanthochites zelandicus (Q. & 6.) 
Acmaea daedala (Sut.) 

*Acte(m sulcatus (Hutt.) 

Alcira inconstans (Sut.) 

Amjphidesma gaymardi (Desh.) 
Amphidesma ventricosa (Gray) 
Ancilla australis (Sow.) 

Ancilla australis pyramidalis (Reeve) 
Ancilla depressa (Sow.) 

Ancilla mucronata (Sow.) 

Ancilla novae-zelandiae (Sow.) 

Area novae-zelandiae (E. A. Smith) 
[= decussata Sut., not Sow.] 
Argobuccinum austredasia (Perry) 
Astraea heliotropium (Mart.) 

Atrina zelandica (Gray) 

Bamea similis (Gray) 

Bothy toma alhula (Hutt.) 

Bothy toma nodilirata (Murd. & Sut.) 
Bathytoma zealandica (E. A. Smith) 
[= cheesemani (Hutt^)] 
*Bezanconia huttoni (Coss.) 

Caecum digitulum (Hedley) 
*Oalliostoma hodgei (Hutt.) 
GaMiostoma pellucidum (Val.) 
^Calliostoma ponderosum (Hutt.) 
Calliostoma punctulatum (Mart.) 
Calliostoma selectum (Chemn.) 
Calyptraea alta (Hutt.) 

Calyptraea novae-zelandiae Lesson 
[== maculata (Q. G.)] 

Calyptraea tenuis (Gray) 

Cantharidus sanguineus (Gray) 
Cardita calyculota (L.) 

Chione mesodesma (Q. & G.) 

Ghione spissa (Desh.) 

Chione stutchhuryi (Gray) 

Chione yatei (Gray) 

Cominella lurida (Phil.) 

Cominella virgata (A. Ad.) 

Corbula meuyilenta (Hutt.) 

Corhida zelandica> (Q. & G.) 
*Couthouyia exilis (Murdoch) 


Crepidula costala (Sow.) 

Crepidula monoxyla (Less.) 
Cylichnella striata (Hutt.) 
Cymatium spevgleri (Chemn.) 
Cytherea ohlonga (Hanley) 
Daphnella cancellata (Hutt.) 
Daphnella lacunosa (Hutt.) 
Daphnella striata (Hutt.) 
Dentalium ecostatum (T. W. Kirk) 
Dentalium huttoni (T. W. Eark) 
Dentalium zelandicum (Sow.) 
Diplodonta zelandica (Gray) 
Divaricella cumingi (Ad. & Ang.) 
Dosinia anus (Phil.) 

Dosinia grey i (Zittel) 

Dosinia suhrosea (Gray) 

'^Drillia huchanani (Hutt.) 

Drillia laevis (Hutt.) 

Drillia novae-zelandiae (Reeve) 

* Drillia wonganuiensis (Hutt.) 
Emarginula striatula (Q. & G.) 
Epitonium zelehori (D . jcer) 
Erycina parva (Desh.) 

Ethalia zelandica (H. J.) 

Euihria linea (Mart.) 

Euthria lined traversi (Hutt.) 
Euthria littorinoides (Reeve) 
Euthria striata (Hutt.) 

Fissurid^a monilifera (Hutt.) 
Fusinus spiralis (A. Ad.) 
Glycymeris laticostota (Q; & G.) 
Glycymeris mo^ta (Angas) 
*Hipponix radiatus (Hutt.) 

Kellia suhorhicularis (Mont.) 
Tjeptomya perconfusa (Iredale) 
Leptothyra jluctuota (Hutt.) 

Lima angulota (Sow.) 

Lima bullata (Born) 

Lima lima (L.) , 

Liotia benhami (Sut.) 

Lissospira corulum (Hutt.) 
Ludnida concimm (EAitt.) 
Maoorm edgari (Iredale) 
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Macrocallista piultistriata (Sow.) 
Mactra discors (Gray) 

Mdctra elongata (Q. & G.) 

Mactra ovata (G?:ay) 

Mactra scalpellum (Reeve) 

Malletia austfalis (Q. & G.) 
Mangilia amoena (E. A. Smith) 
Mangilia sinclairi (E. A. Smith) 
Mitrella choava (Reeve) 

Modiolus australis (Gray) 

Murex angasi (Crosse) 

Murex oclogonus (Q. & G.) 

Murex octogonus umhilicatus (T.- 
Woods) 

Murex zelandicus (Q. & G.) 
Musculus ini'pactus (Herm.) 

Myodora anii'podum (E. A. Smith) 
Myodora striata (Q. & G.) 

Myodora suhrostrata (E. A. Smith) 
Mytilus canaliculus (Mart.) 

MytUus edulis (L.) 

Mytilus maorianus (Iredale) 

Natica australis (Hutt.) 

Natica zelandica (Q. & G.) 

Nucula hartvigiana (Pfr.) 

Nucula nitidula (A. Ad.) 

Nuculana hellula (A. Ad.) 

Nuculana fastidiosa (A. Ad.) 
Odostomia bemhix (Sut.) 

Odostomia huttoni (Sut.) 

Odostomia rugata (Hutt.) 

Ostrea angasi (Sow.) 

Ostrea corrugata (Hutt.) 

Panope zelaridica (Q. & G.) 

Paphia intermedia (Q. & G.) 

Pecten convexus (Q. & G.) 

Peden medius (Jjamk.) 

Pecten radiatus (Hutt.) 

PeCten zelandiae (Gray) 

Phalium acliatimim pyrum (Lamk.) 
*Philobrya trigonopsis (Hutt.) 
Protocardia pulchdla (Gray) 
Psammohia lineolata (Gray) 
Psammohia stangeri (Gray) 

- Psammohia zelandica (Desh.) 

Pupa affinis (A. Ad.) 

Pupa alba (Hutt.) 

*Rissoa semisulcata (Hutt.) Liro- 
noba ”] 

Rissoina ckathamensis (Hutt.) [= R* 
rugulosa (Hutt.)] 

Rissoina emarginata (Hutt.) [“ iV'o- 
zd>a 


Rissoina olivacea (Hutt.) [** Daria- 
nula *'] 

Rochefortia reniformis (Sut.) 
Saxicava arctica (L.) 

Seila terebelloides (Mts.) 

Sinwm. undulatum (Hutt.) 
Siphonalia caudata (Q. & G.) 
Siphonodia dilaiaia (Q. & G.) 
Siphonalia mandarine (Duclos) 
Siphonalia nodosa (Mart.) 

I Siphonalia valedicta (Wats.) , 

I Solariella egena (Gould) 

I Soletellina nitida (Gray) 
i Spisula equilateralis (Desh.) 

Spisula ordinaria (E. A. Smith) 

I Struthiolaria papulosa (Mart.) 

I Struthiolaria vermis (Mart.) 

I *S^rcula castlecliffensis (Marshall and 
; Murdoch) 

Tellina eugonia (Sut.) 

Tellina huttoni sterrha (Sut.) 

Tellina. Uliana (Iredale) 

Tellina spenceri (Sut.) 

Terebra tristis (Desh.) 

*Thracia vegrandis (Marshall and 
Murdoch) 

Thracia vitrea (Hutt.) 

Tornatina pachys (Wats.) 
Trichotropis clathrata (Sow.) 
*Trochus conicus (Hutt.) 

Trochus tiaratus (Q. & G.) 

Trochm viridis (Gmel.) 

Trophon amhiguus (Phil.) 
i Trophon cheesemani (Hutt.) 

Trophon pumila Sut. [= T. bonneti 
Cossm.] 

j Tugalia intermedia (Reeve) 
j Turbo granosus (Mart.) 
j Turbo smaragdus (Mart.) 

I Turbonilla zealandica (Hutt.) 
Turritella carlottae (Wats.) 

Turritella rosea (Q. & G.) 

Turritella symmetrica (Hutt.) 

V enericardia lutea (Hutt.) 
Ven^ricardia purpurata {Desh.) 
Venericardia unidentata (Basterot) 
Vexillum marginatum (Hutt.) 
Vexillum rubiginosum (Hutt.) 
i VoUUa arabica (Mart.) 

Voluta aral/ica elongata (Swains.) 
Valuta gracilis (Swains.) 

Xy/mne pleb^ue (Hutt.) 

Zenatia acinaces (Q. & G.) 


The total number of species is 181, of which 92*8 per cent, are Recent. 
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Fossils fro|ii Ka^ Iwi. 

In this locality collections were made for a distance of three-quarters 
of a mile south of the mouth of the Kai Iwi Stream. The collection was 
made by one of us (Marshall) in a single day’s excursion, and it is probable 
that the list will have a large number of additions made to it in the 
future. 


Acteon sulccUm (Hutt.) 

Aldra inconstans (Sut.) 

‘ Andlla australis (Sow.) 

Area reticulata (Gmel.) 

Atrina zelandiae (Gray) 

Barnea simiUs (Gray) 

^Bezanconia huttoni (Cossm.) 
*CaMiostoma hodgei (Hutt.) 
CaUiostoma punctulatum (Mart.) 
Calliostoma selectum (Chemn.) ^ 
Calyptraea novae-zelandiae (Lesson) 
Calyptraea tenuis (Gray) 
Carytharidus sanguineus (Gray) 
Cardita calyoulata (L.) 

Chione mesodesma (Q. & G.) 
Cominella virgata (A. Ad.) 

Corbul>a maeilenta (Hutt.) 

Oytherea ohlonga (Hanley) 
Daphnella cancellata (Hutt.) 
Dentalium ecostatum (T. W. Kirk) 
Dentalium nanum (Hutt.) 
Divaricella cumingi (Ad. & Ang.) 
*Drillia huchanani (Hutt.) 

DrilUa novae-zelandiae (Reeve) 
*Drillia wanganuiensis (Hutt.) 
Emarginula striatula (Q. & G.) 
Epitonium zelehori (Dkr.) 

MErycina parva (Desh.) 

Euthria littorinoides (Reeve) 
Ghjcymeris modesta (Angas) 
Leptomyia perconfusa (Ifedale) 
Ludnida concinna (Hutt.) 

Macoma ^ari (Iredale) 
Macrocallista multistriata (Sow.) 
Mactra scalpellum (Reeve) 

Malletia australis (Q. & G.) 
Mangilia amoena (E. A. Smith) 
Murex angasi (Crosse) 

Mureji zelandicus (Q. & G.) 

' Myodora arvtipodum (E. A. Smith) 
Natica australis (Hutt.) 

^atica zelandica (Q. &. G.) 


Nucula nitidula (A. Ad.) 

Nuculatut hellula (A. Ad.) 

Odostomia hewhix (Sut.) 

Ostrea corrugcUa (Hutt.) 

Panope zelandica (Q. & G.) 

Pecten zelandiae (Gray) 

^Philohrya trigonopsis (Hutt.) 
Poroleda lanceolaia (Hutt.) 
Protocardia pulchella (Gray) 
Psammohia lineolata (Gray) 
Saxicava arctica (L.) 

Serpulorbis sipho (Lamk.) 

Sinum undulatum, (Hutt.) 
Siphonalia caudata (Q. & G.) 
Siphonalia mandarina (Duclos) 
Siphonalia nodosa (Mart.) 

Spisula ordinoiria (E. A. Smith) 
Struthiolaria papulosa (Mart.) 
Struthiolaria vermis (Mart.) 

*Surcula castlecliffensis (Marshall and 
Murdoch) 

Tellina eugonia (Sut.) 

Terebra tristis (Desh.) 

Trichotropis clathrata (Sow.) 
*Trochus conicus (Hutt.) 

Tr\x)hus tiaratus (Q. &. G.) 

Trophon ambiguus (Phil.) 

Trophon cheesemani (Hutt.) 

Trophon corticalus (Hutt.) 

Trophon pumila ^Sut.) 

Tugalia intermedia (Reeve) 
Turritella rosea (Q. & G.) 

Turritella symmetrica (Hutt.) 
Venericardia lutea (Hutt.) 
Venericardia purpurata (Desh.) 
Venericardia unidervtata (Bast.) 
Vexillum planatum (Hutt.) 

Vexillum rubiginosum (Hutt.) 

Voluta gracilis (Swains.) 

^Xymene expansus (Hutt.) 

Xymene plebejus (Hutt.) 


This list contains eighty-two species, of which eight are extinct. The 
percentage of Recent species is therefore 90*25. 
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Fossils from Nukumaru. 

Collections were made over a distance of one mile south from the Nuku- 
maru boat-landing. One of us (Marshall) spent four days- in collecting 
in this locality, and the other (Murdoch) spent two days. These are the 
Rotella beds of Park (1887, p. 63). 


Acanthochit^ zelandicu^ (Q. & 6.) 
Ahira inconstans (Sut.) 
^Amphidesma crassiformis n. sp. 
Amphidesma gaymardi (Desh.) 
^Anachis pisaniopsis (Hutt.) 

An<iilla australis (Sow.) 

Ancilla depressa (Sow.) 

Andlla novae-zelandiae (Sow.) 
Anomia huttoni (Sut.) 

* Ataxocerithium perplexurn (Marshall 
and Murdoch) 

Barnea similis (Gray) 

^Calliostoma hodgei (Hutt.) 
Oalliostoma pellucidum (Val.) 
Galliostoma punctulatum (Mart.) 
Calyptraea alia (Hutt.) 

Calyptraea tenuis (Gray) 

Gantharidus sanguineus (Gray) 
Gardita calyculata (L.) 

Ghione mesodssma (Q. & G.) 

Ghione spissa (Desh.) 

Ghione yatei (Gray) 

Gochlodesma angasi (C, & F.) 
Gorninella lurida (Phil.) 

Goniinella virgata (A. Ad.) 

Grepidula crepidulg (L.) 

'^'Grepidula gregaria (Sow.) 

GyUchnella striata (Hutt.) 

Gytherea oblonga (Hanley) 
*Dij)lodonta ampla (Hutt.) 
Diplodonia zelandica (Gray) 

Dosinia anus (Phil.) 

Dosinia subrosea (Gray) 

Epitonium zelebpri (Dkr.) 

Ethalia zelandica (H. & J.) 
"^Eulimella media (Hutt.) 

Euthria striata (Hutt.) 

Fissuridea monilifera (Hutt.) 
Glycymeris modesta (Angas) 
Leptomya perconfusa (Iredalc) 
'^Lueinida levijoliata (Marshall and 
Murdoch) 

'^Lutraria solida (Hutt.) 

Macoma edgari (Iredale) 

Mactra ordinaria (E. A. Smith) 

There are eighty-four species in 
Recent^ 


Mactra rudis (Hutt.) 

Mactra scalpellum (Reeve) 

Mangilia amoena (E. A. Smith) 

* Melina zealandica (Sut.) ^ 

Myodora antipodium (E. A. Smith) 
Myodora suhrostrata (E. A. Smith) 
MytUus maorianus (Iredale) 
'*^Neolepton sp. 

Nucula nittdula (A. Ad.) 

Odostomia huttoni (Sut.) 

Ostrea angasi (Sow.) 

*Ostrea ingens (Zittel) 

"^Paphia curta (Hutt.) 

Paphia intermedia (Q. & G.) 

Pecten zelandiae (Gray) i 
Philobrya trigonopsis (Hutt.) 
Rissoina olivacea (Hutt.) [“Darda- 
nida'^] 

*Ri8Soa semisulcata (Hutt.) Liro- 
noba^^] 

Seila chathamensis (Sut.) 

Sinum undulatum (Hutt.) 

Siphonalia caudata (Q. & G.) 
Siphonalia dilatata (Q. & G.) 
Siphonalia 7nandarina (Duclos) 
Soletellina nitida (Gray ) 
*Struthiolaria frazeri (Hutt.) 
Struthiolaria vermis (Mart.) 

Terebra tristis (Desh.) 

*Trochus conicus (Hutt.) 

Trochus tiaratus (Q. &, Q.) 

Trophon arnbignus (Phil.) 

Trophon cheesemani (Hutt.) 
Turbonilla zealandica (Hutt.) 
Turritella rosea (Q. & G.) 

Turritella symmetrica (Hutt.) 
Venericardia difficilis (Desh.) 
Venericardia lutea (Hutt.) 
Venericardia purpurata (Desh.) 
'^Voluta turrita (Sut.) 

^Voluta turrita nukumantensis (Mar- 
shall and Murdoch) 

*Xymene expansus (Hutt.) 

Xymene pleb^us (Hutt.) 

this list, of which 76*2 per cent, are 
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One of the main features of the fauna in this locality is the large size 
of many of the extinct species that are found. Not only this, but the large 
species are represented by a great number of individuals, and at the first 
glance it is ajfparent that the fauna is essentially differeijt from that of 
Kai Iwi and of Castleclifi. In addition to this, several of the species that 
occur in the strata at Castleclifi and are also of Kecent occurrence have 
unusual dimensions at Nukumaruv Of these, Chione yatei, Cytherea ohlonga, 
and Paphia intermedia are noticeable. Of the extinct species, Melina 
zealandica, Cytherea enysi, Lutraria solida, Lucinida levifoliata, StnUhiolaria 
frazeriy 'Sind Amphidesma crassiformis are all of large size. This large size 
of the shells in itself suggests that climatic conditions at the time that 
these strata were deposited were more genial than those that now prevail, 
and this suggestion, due to the mere size of the shells, is strengthened by 
the occurrence of such a genus as Melina, which is now, of course, extinct 
in New Zealand waters. 

The bone of Dinornis robusta which was described in a previous paper 
came from the stratum that lies immediately below the bed in which the 
occurrence of the large shells is first especially conspicuous. Another moa- 
bone has since been found, and it is identified by Professor Benham as 
part of the right tibia of Mesopteryx casuarina Owen. The medullary 
cavity of this bone is partly filled with P3rrite, a sufficient proof that the 
bone has been preserved in strata that lie beneath the level to which 
oxidizing waters can percolate. 


Fossils from Waipipi. 

This locality is about five mi^es north of Nukumaru along the coast- 
line. The collection was made from the outcrops of the clifis over a 
distance of one mile to the north of the mouth of the Waipipi Stream and 
a quarter of a mile to the south of it. The rocks are for the main part 
tough blue papa, or blue clay, with a few distinctly sandy or micaceous 
strata. It is in the latter that the majority of the fossils were found. 


Ancilla australis (Sow.) 

Andlla novae-zelandiae (Sow.) 
Ancilla pseud-australis (Tate) 
Asiraea heliotropium (Mart.) 

Atrina zelandica (Gray) 

Baihytom^ alhula (Hutt.) 

Bathytoma zealandica (E. A. Smith) 
Calliostoma pellucidum (Val.) 
Calyptraeid aZto (Hutt.) 

Calyptraea tenuis (Gray) 

"^Cardium spatiosurri^ (Hutt.) 

Chione mesodesma (Q. & G.) 

Chione spissa (Desh.) 

Chione yaJtei (Gray) 

Corhula macilenta (Hutt.) 
^Crassatellites obesus (A. Ad.) 
Crepidula crepidula (L.) 

*Crepidula gregaria (Sow.) 

*Cymhiola (Miomelon) corrugaia 
(Hutt.) 

"^Cytherea enysi (Hutt.) 


I Cytherea ohlonga (Hanley) 
*Dentalium solidum (Hutt.) 
*Diplodonta ampla (Hutt.) 
Divaricella cumingi (Ad. & Ang.) 
Dosinia lamhata ( Gould y 
*Dosinia magna (Hutt.) 

Dosinia subrosea (Gray) 

*Erycina cf. bifurca (Webster) 
Glycymeris laiicostata (Q. & G.) 
*Glycymeris subglobosa (Sut.) 

Lima angulata (Sow.) 

Lima bullata (Born.) 

^Lirm waipipiensis (Marshall and 
Murdoch) 

"^Lucinida levifoliata (Marshall and 
Murdoch) 

'^Lutraria solida (Hutt.) 

. Macoma edgari (Iredale) 
Macrocallista multistriata (Sow.) 
Mactra scalpellum (Reeve) 
Ma/rgindla pygmaea (Sow.) (?) 
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*Phalium . fibratum (Marshall and 
Murdoch) 

Protocardia pylcheUa (Gray) 
Psammohia Uneolata (Gray) 
Siphonalia mandarina (Duclos) 
*Siphonalia subnodosa (Hutt.) 
Soletellina nitidu (Gray) 
*8truthiolaria canaliaulata (Zittel) 
*StnUhiolaria zelandica (Marshall and 
Murdoch) 

Turritella rosea (Q. & G.) 

Turritejla symmetrica (Hutt.) 
Venericardia difficilis (Desh.) 
Venericardia lutea (Hutt.) 

*VoltUa turrita (Sut.) 

"^Voluta morgani (Marshall and Mur- 
doch) 

i Zenatia acinaces (Q. & G.) ^ 

This list contains i^venty-two species, of which 61 per cent, are Recent. 

The remarks that have been made about the occurrence of large shells 
in the strata at Nukumaru apply with even greater force to these beds, 
for there are these additional extinct species of large dimensions : Cardium 
spatiosum, Paphia curtay Ostrea ingens^ Pecten triphooki, Dentalium soHdum, 
Natica sagena, Nalica ovata, and CrassatelUtes ohesus. The appearance of 
the large Phalium fibratum adds to the effect. It is hard to resist the 
opinion that either the climate of the country as a whole was more genial 
or that the region was a sea-floor that was washed by a warmer current 
when the sediment was deposited. The latter alternative, however, is an 
imfjrobable explanation, because the nature of the sediment is essentially 
the same at Waipipi as it is in the highest of the Castlecliff beds. It thus 
becomes probable that there was a reduction in the temperature of the 
New Zealand area which extended over a considerable interval of time. 
This gradual cooling of the climate continued throughout the lapse of time 
between the deposition of the Waipipi beds and of the upper beds at 
Nukumaru. In an earlier portion of this paper this interval of time is 
stated as possibly as much as 300,000 years. 

The general results of this examination of the fossils on the coast-line 
between Castlecliff and Waipipi thus show clearly that as lower and 
lower strata are inspected the percentage of extinct species of mollusca 
becomes greater and greater. This increase of extinct species could be 
due mainly to three different conditions. 

(1.) The mere increase in ago as the lower beds are reached might in 
itself account for it, because as time proceeds various species becorne 
outclassed in the struggle for existence that is always in progress. Th^f 
many slight changes in food-supply, ocean currents, and accompanying 
variations of temperature may be as potent in this direction as the mere 
lapse of time and the consequent change of vital energy of the different 
species. 

(2.) The migration of additional species to the district or to the region 
would, of course, have a similar effect; but in our opinion our collections 
of the mollusca afford no evidence of this. On the contrary, as one of us 
(Marshall) has frequently pointed out before, the present moUuscan fauna 
of New ^aland seems rather to be a remnant of a more extensive fauna 


* Medina zealanddca (Sut.) 
Musculus impacta (Herm.) 
Mytilus maorianus (Iredale) 
Natica australis (Hutt.) 
^Natica ovata (Hutt.) 

*Natica sagena (Sut.) 

Nalica zelandica (Q. & G.) 
Nuculana fastidiosa (A. Ad.) 
Odostomia aff. benibix (Sut.) 
"^Olivella neozelanica (Hutt.) 
Ostrea angasi (Sow.) 

*Ostrea ingens (Zittel) 

Pamope zelandica (Q. & G.) 
Paphia curta (Hutt.) 

Pecten convexus (Q. & G.) 
*Pecten semiplicatus (Hutt.) 
'‘^Pecten triphooki (Zittel) 
Pecten zelandiae (Gray) 



126 Transactions, 

of early or Middle Tertiary age. There is certainly a striking poverty of 
moUusca in the Wanganui beds when they are compared with that of the 
very small exposure of fossiliferous strata at Target Gully, near Oamaru, and 
elsewhere in the Middle Tertiary strata. This relative poverty in species is 
certainly not due to less careful collecting at Wanganui, for a greater amount 
of time has been spent in the latter locality and a much greater variety 
of strata has been scrutinized than at Oamaru. There are no additional 
genera of any importance in the Castlecliff strata, and there is no sudden 
inrush of new species, so far as our investigations go, at any horizon of 
the beds exposed on the coast-line between Wanganui and Waipipi. 

(3.) A considerable and general change of climate must naturally have 
a great ejffect upon the moUuscan life on the coast-line. It is, of course, 
well established that towards the close of , Tertiary time in Europe and in 
America and elsewhere there was a great change in climate, especially 
during the Pliocene period. The high percentage of Recent species of 
moUusca in all the strata with which this paper deals shows clearly enough 
that they are of Upper Tertiary age. 'Those at Waipipi perhaps correspond 
to the early Pliocene of Europe, or perhaps to the later Miocene, while the 
Castlecliff beds probably represent the highest Pliocene. The change in 
moUuscan fauna may therefore be mainly due to the gradual reduction 
of temperature thp-t was a feature of. aU climates during the PUocene 
period. The faunal change in this district seems to have been much lesi^ 
rapid in the upper portion of the strata examined than in the lower ones. 
In the 960 ft. of strata between Castlecliff and Kai Iwi only 2*5 per cent, 
of extinct spedies appear, while in the 1,050 ft. between Kai Iwi and 
Nukumaru an additional 14 per cent, appear, and between Nukumaru 
and Waipipi, in a thickness of 1,450 ft. of sediment, 15 per cent, more of 
extinct species are found. In other words, between Waipipi and Nuku- 
maru 1 per cent, of the species becomes extinct in every 97 ft. of sediment. 
Between Nukumaru and Kai Iwi the rate is 1 per cent, of extinction for 
every 75 ft. of sediment, and between Kai Iwi and Castlecliff the rate is 
much slower and amounts to no more than 1 per cent, in a thickness of 
384 ft. of sediment. The general average of extinction for a total thickness 
of 3,560 ft. is almost exactly 1 per cent, of the species in every 100 ft. 
If, as suggested before, this sediment has been deposited at an average rate 
of 1 ft. in 200 years, it follows that on the average during the greater part 
of the Pliocene period in New Zealand 1 per cent of the species of marine 
moUusca has become extinct in every 20,000 years. It is not intended 
to assert any accuracy for this result, though it is thought that it is of the 
same order of magnitude as the actual result would be if all the various 
factors could be ascertained with certainty. 

It has been stated earlier that, as far as the stratigraphy can be seen in 
the marine cUffs, there is certainly no sign of any unconformity. The 
clifis give an actuaUy continuous section from Castlecliff to Nukumaru. To 
the north of Nukumaru the continuity is interrupted for a considerable 
distance, but the close resemblance^ of the fauna of the Waipipi beds to 
that of Nukumaru in itself points to the conclusion that deposition was 
continuous. This idea is strongly supported by the fauna which is found 
at Wilkie’s Bluff, on the left bank of the Waitotara River, two miles 
and a half below the railway-bridge, a locality intermediate between 
Nukumaru and Waipipi. Here there is a great abundance of Ostrm 
ingem, with Pecten trijihooki and some Cdrdium spatiosum and Lutraria 
solida, Palaeontologically as well as in geographical position the bluff 
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forms a connecting-link between Waipipi and Nid^umaru. The la^ge number 
of species that is found throughout this thick series of strata is in itself 
su£B.Gi^nt proof that the series is continuous, and it is interesting to ^d 
that so many well-known species of Miocene occurrence rise so high into 
the Wanganm Tertiaries. In this Wanganui area at least it is possible to 
deternaine the upper limits of their occurrence. So far as our collections have 
given us information the following are the levels at which the specified well- 
known Miocene species finally disappear. At present it is most convenient 
to define their position as so-many feet below the highest beds at Castleclifi. . 

Crepidula gregaria, uncommon Pecten semiplicatus^ 3,000 ft. 

above 1,200 ft, Dentalium aolidum, 3,500 ft. 

Lutraria solida, 2,000 ft. Paphia curia, 3,500 ft. 

Gytherea enysi, 2,100 ft. NcUica ovcUa, 3,500 ft. 

Melina zdandica, 2,100 ft. Natica sagena, 3,500 ft. 

Struthiolaria frazeri, 2,100 ft. Grassatdlites, 3,500 ft. 

Ostrea ingens, 2,100 ft. Struthiolaria canaliculata, 3,500 ft. 

Gardium spatiosum, 2,700 ft. Olivella neozelanica, 3,500 ft. 

Pecten triphooM, 2,700 ft. Dosinia magna, 3,800 ft. 

The highest beds at Castlecliff, the horizon to which these occurrences 
are referred, are covered unconformably by sands and gravels of volcanic 
material, which usually have a good deal of included timber, and are referred 
to the Pleistocene. Thomson has lately called this formation generally the 
Hawera series. 

It is noticeable that many species which have a Recent occurrence and 
which are commoli at Castlecliff are quite absent from our collections at 
Nukumaru and at Waipipi, though from a lithological standpoint there is 
little change in the rock, and the conditibns of deposition seem to have 
been substantially the same at Waipipi as at Castlecliff. 

Struthiolaria papulosa was last found one mile north of Kai Iwi, about 
1,200 ft. below the highest beds at Castlecliff. Struthiolaria vermis was 
last found at Nukamaru, 2,100 ft. down, and it is very scarce there. 

Pecten medius has not been foimd below 500 ft., though a shell-fragment 
probably belonging to this species was found at the mouth of the Okehu 
Stream, 1,700 ft. down. 

Murex zelandicus has not been found at Nukumaru or at Waipipi, though 
it has frequently been found in rocks of Miocene age in the Oamaru district, 
and at Pakaurangi Point in the Kaipara Harbour. Murex angasi and Murex 
octogonus also have not been found north of Kai Iwi, though they too occur 
in Iffiddle Tertiary rocks in various parts of New Zealand. 

It does not seem to be the case that any importance is to be attached 
to the absence of these species as an indication of climatic changes on 
the New Zealand coast-line. The absence of species of Murex and of the 
Recent species oi Struthiolaria might at first suggest a colder climate for 
the Niikumaru and Waipipi beds, but this idea is at once offset by the 
fact that Pecten. medium and Struthiolaria papulosa both occur at the present 
day in the most southern of New Ziealand waters. As more extensive 
collections are made and additional localities of this district are examined 
it may well happen that such small peculiarities will be explained. It 
is also possible that by careful collecting the development of some of the 
species that have most recently appeared, such as Pecten medius and 
Struthiolaria papulosa, may be most definitely traced. On the other hand, 
it may possibly be found that a few of these species reached these shqzes 
ftom other faunal regions. 
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One point often crops up in the examination of various fossil localities 
in the Tertiary rocks of New Zealand. In some strata there is a great 
predominance of gasteropods, while in others the lameUibranchs are far 
more numerous. So far as observations have gone up to the present tinie, 
this striking difference does not appear to be due to the depth of the water 
or to any other of the ordinary conditions that control the deposition of 
sediment. 
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Art. XXI . — Some Tertiary Mollusca, with Descriptions of New Species. 

By P. Marshall, M.A., D.Sc., F.G.S., F.N.Z.Inst., Hector and Hutton 
Medallist, and R. Murdoch. 

l^Read before the Wanganui PhitoaophicAil Society, Srd December, 1919 ; received by 
Editor, 31st December, 1919 ; issued separately, 10th June, 1920.] 

Plates VI-X. 

Additional collections made at Waipipi and Nukumaru have produced 
several new species, and have also brought to light others not previously 
recorded from these horizons. These localities are not so accessible as 
the Castlecjliff series, and have not been so carefully collected. Further, 
the Waipipi beds are not fossiliferous throughout, but fossils are restricted 
to short sections. One of the finest of these is rather below half-tide level 
and only available after certain weather conditions. During one visit it 
was sea-swept clean, and there was a most striking display of Pectens, 
Cardiums, Limas, and other large forms. Almost without exception the 
collections hitherto made have not been assigned to any definite locality, 
with the result that Shakespeare Cliff, which was regarded as the equiva- 
lent of all the sands and blue clays of the district, is credited with species 
which do not occur therein. The coastal cliff from Castlecliff to Kai Iwi 
and thence to Nukumaru and Waipipi presents a perfectly unbroken series 
of beds older than those of Shakespeare Cliff. The faunal change, as 
might be expected, is very gradual, and it is only when horizons fairly 
distant are compared that a marked distinction is evidenced. Faunal 
lists from several horizons are recorded on page6 120-25 of this volume. 

Hampden was visited by Dr. Marshall, who secured a number of 
undescribed species, several of which are too fragmentary to deal with, 
and it is abundantly evident tliat much collecting has yet to be done in 
that series of beds before a full knowledge of the fauna is obtained. 

Risssoina obliquecostata n. sp. (Plate VI, fig. 1.) 

Shell small, ovato-elongate, deeply impressed sutures and oblique axial 
rrblets. Whorls six (the protoconch missing), rounded and narrowly shoul- 
dered, the last slightly produced at the anterior end. Sculpture consists 
of about twenty-nine narrow axial riblets, in width about half that of the 
interspaces, on the sutural shelf they are rather less pronounced, form a 
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row of small nodules on the angle, thence take a backward sweep, and 
vanish u little above the suture, on the anterior end of the last irregular 
and here and there in the form of strong growth-striae ; spiral striae are 
preserved in places only and difficult to detect. There is a narrow sub- 
perforation at the side of the columella, bounded by a small funicular ridge 
which curves around to the basal lip. Aperture oval, narrow above, baG^ 
lip slightly produced and with a lightly impressed gutter at its junction 
with the columella, inner lip with a thin narrow callus, columella slightly 
curved and a little reflexed anteriorly. 

Length, 6’25 inm. ; width, 3*6 mm. ; length of aperture, 2*5 mm* 

Locality, Hampden. Collected by Dr. Marshall. 

Type to be presented to the Wanganui Museum. 

There is a single example only. It is very different from any other of 
our Recent or fossil Rissoids, and it is with hesitation we refer it to the 
genus. More material may be brought to light, possibly allied forms which 
would lead to a more bdnfident classification. 

Seila attenuissima n. sp. (Plate VI, fig. 2.) 

Shell partly embedded in the matrix, very small, gradually tapering, 
and exceedingly slender ; whorls about seventeen, the protoconch of two 
and a half whorls, smooth, apex minute oblique to the axis, the two 
succeeding whorls well rounded and somewhat swollen, thence flattened 
and with three sharply-raised spiral cords, equal to or slightly narrower 
than the grooves, the lower cord perhaps slightly the stronger ; the 
spacing of the sculpture, including the sutural groove, is exceedingly uni- 
form ; within the grooves and preserved in places only are microscopic 
sharply-raised growth-striae ; the last whorl apparently with four or more 
spirals, the anterior end obscured by the matrix. 

Length, 7 mm. ; width, 0*9 mm. 

Locality, Hampden. Collected by Dr.' Marshall. 

Type to be presented to the Wanganui Museum. 

There is a single example only, characterized by its exceedingly attenu- 
ated form. The protoconch in some respects approaches S. bulbosa Suter. 

Triphora aoteaensis n. sp. (Plate VI, fig. 3.) 

Shell small, slender, of twelve flattened whorls, excluding the apex, which 
is missing. Sculpture : There are three rows of gemmules on each whorl, 
a small undulating smooth threadlet at the suture above and occasionally 
a very minute thread on the margin below, both absent on the earlier 
whorls ; on the last at the basal angle is a fourth smooth sharply-raised 
narrow riblet, below this a more slender cord, and between the latter and 
beak two or three ill-defined lines ; of the gemmules there are about 
sixteen in a row, separated rather less than their own width and linked 
within the rows, axial buttresses low and broad, forming oblique vertical 
rows but not always continuous ; the lower row of gemmules is the most 
strongly developed, the second distinctly smaller, equal to their own width 
apart, the third separated by a narrow groove and much more feeble ; the 
gemmules are somewhat oval in form, the anterior sides rounded, the 
posterior rising rather abruptly, giving to them a subtruncated and slightly 
ridged appearance. Base sloping, flattened ; distinct growth-striae form 
small irregular riblets. Aperture small, subquadrate, outer lip imperfect, 
columella short, nearly straight, sharply bent and twisted at the anterior 
extremity. ' 

5 — Trans. H 
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Length, 9*5 mm. ; width, 3 mm. 

Locality, Hampden, Collected by Dr. Marshall. 

Type to be presented to the Wanganui Museum. 

Described from a single specimen ; the only other species of the genus 
recorded in our Tertiary fauna is T. lutea Sut. A casual examination 
of the 'Hampden ^hell might easily lead to its being referred to that 
species, and probably it is akin to it; the protoconch is missing, an<f not 
infrequently it possesses important specific characters. 

Dicroloma zelandica Ms^rshall. (Plate VII, fig. 13.) 

Trans, N,Z, Inst., voL 51, pp. 228-29, pi. xv, fig. 16, 1919. 

The example here described is partly embedded in the matrix, and the 
sculpture is much eroded, but the general form is well preserved. Shell 
small, fusiform, of six whorls, the last rounded, abruptly contracted at the 
base, with a narrow and moderately long anterior c^al, which is slightly 
inclined or bent to the left ; spire-whorls convex, the apex missing ; sutures 
not impressed, the removal of the outer shelly layer gives to them a some- 
what deep appearance. Sculpture : On the last whorl, a little below the 
periphery, is a strong spiral rib, a second below this margining the base, 
and beneath these two or three more slender cords, the first-mentioned 
ribs about twice their own width apart. Aperture oblique, rather ^narrow, 
the outer lip expanded, thickeued, and with two prominent lobel^, while 
from each lobe proceeds a long stout digitation (the extremities broken off) ; 
the posterior digit is almost at right angles to the axis of the phell and 
proceeds from near to the sutural margin ; above its junction is a fairly 
strong callus which spreads to the suture above ; the median lobe and 
digit are somewhat larger than the above, and the space between and the 
angle formed are smaller than between the median and the anterior canal. 
Each digit has a pronounced smooth furrow ; the groove of the anterior 
canal is little more marked than that of the digits. 

Length, 23 mm. ; width (excluding digit), 13 mm. 

Locality, Hampden. Collected by Dr. Marshall. 

Struthiolaria zelandiae n. sp. (Plate VII, figs. 11, 11a.) 

Shell ovate, oblong, spire turreted, whorls spirally ribbed, rather flat- 
tened, shouldered at the sutures, which are deeply excavated, the last 
more or less angled at the base. Whorls six or more, apexjost. Sculpture : 
On the last whorl a broad usually strong spiral rib on the sutural shoulder, 
followed by six or seven narrow cords, thence two stronger cords, the first 
. of which is the more prominent and forms the basal angle, anterior to 
this contracted and with five or six cords which are usually smaller and 
more widely spaced as they approach the anterior end ; the grooves deep 
except immediately below the shoulder where they vary considerably, in 
some examples feeble ill-defined corrugations, in* others narrow incised 
lines, or clean-cut, deep, and slightly narrower than the riblets. The first 
of the remaining spire-whorls with a few spiyal threadlets, on the following 
whorls increasing to seven or eighjfc, variable as on the last, usually distinct 
in the deeply excavated sutural area. A secondary sculpture of fine thread- 
lets adorns both ribs and grooves. Aperture ovate, oblique ; outer lip 
sinuous, strong, and reflexed ; inner lip with a broad fairly heavy callus ; 
columella curved, a distinct notch at the anterior end. 

Length, 36 mm. ; yridth, 27 mm. Another example : Length, 35 mm. ; 
width, 24 mm. 
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Locality, Waipipi, near WaverleJ^, in .blue sandy clay. 

Type to be presented to the Wanganui Museutn. ♦ 

The sculpture, together with the exceedingly deeply excavated sutores* 
readily distinguishes it from other Tertiary forms. * 

Phalium fibratum n. sp. (Plate Ylll, figs. 16, 17.) 

Shell large, ovato-globose, with prominent spiral sculpture. Whorli 
about seven, lightly angular ; apex minute ; spire short, le^ than one- 
quarter the length of the aperture ; the last very large ; on the angle a 
rather prominent row of nodules, on the spire above the angle four or five 
spiral cords, and below the angle two or three, on the last about twenty- 
three flat s})irals more than twice the width of the grooves, the latter 
becoming deeper on approaching the anterior end, in places there is a small 
groove on the rib and here and there a small tihreadlet in the groove ; the 
axials consist of strong irregular growth-striae which have a fibrous sub- 
granular appearance. Sutures lightly impressed, the marginal rib below 
rather pronounced. Aperture slightly oblique and narrow above, outer lip 
uniformly curved, thickened and reflexed ; columella short, excavate and 
twisted, several small denticles abov^ and two or three oblique plaits at the 
anterior end ; body-whorl and columella with a wide, spreading callus pro- 
duced anteriorly as a broad flat plait limited to the width of the columella. 

Length, 75 mm. ; width, 60 mm. 

Locality, Waipipi. 

Type to be presented to the Wanganui Museum. 

Of this form there is a single almost perfect specimen. It is allied to 
P. lahiatum var. pyrum Lamk., which is si^bject to considerable variation in 
size and sculpture. We have a good series of the latter for comparison, 
and in our opinion the Waipipi shell is sufficiently difEerent to warrant 
specific distinction. 

Siphonalia senilis n. sp. (Plate VI, fig. 4.) 

Shell rather small ; canal moderately long ; body -whorl comparatively 
large Whorls six or seven, rounded, lightly subangled above the middle ; 
protoconch of about thrae and a half turns, smooth ; thence spirally and 
axially sculptured ; axials nineteen to twenty on the last, feebly raised, 
more pronounced on the spire ; growth-striae rather strong ; the spirals 
in the form of undulating cprds, delicately beaded, usually one or two 
larger beads on the axials, in places an alternate larger and smaller cord, 
wider than the grooves except towards the anterior end ; on the pen- 
ultimate there are eleven to thirteen spirals, the cord at the suture rather 
pronounced and followea by two or three much smaller. Sutures not deeply 
impressed. Aperture imperfect. Columella curved, tapering, lightly twisted 
anteriorly, and thinly callused. 

Length, approximately 17 mm. ; width, 10 mm. 

Locality, Hampden. Collected by Dr. Marshall. 

Type to be presented to the Wanganui Museum. 

There are three examples, somewhat distorted and in rather poor pre- 
servation. The species rhay readily be distinguished by the undulating 
finely beaded cords. 

Admete (Bonellitia) ovalis Marshall. 

Bofsonia {Corderia) ovcdis Marshall, Tram, N,Z, Inst ., vol.^ 60, 
p. 269, pi. 18, figs. 10~10o, 1918. 

A further examination of the t^e proves that it is a member of the 
Oapcellariidae nearly allied tq Bonemta as defined by M. Cossmann. 
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Admete suteri n. sp. (Hate VI, figs. 6, 5a.) 

Shell amall, shortly fusiform ; spire short turreted. Whorls five, the 
last comparatively large, strongly angled ; protoconch of tyo smooth 
rounded whorls, the apex obliquely disposed, thence rapidly increMing ; 
axially and spirally cancellated, the latter more pronounced and forming 
small tubercules at the points of intersection ; above the aperture and on 
the spire-whorls are two small spiral cords, on the last eight narrower than 
the interspaces, at the anterior extremity ]^er and closer ; axials seventeen 
to twenty-one on the last, irregularly developed anteriorly, on the area 
between suture and angle sharply inclined forward, this area without spiral 
sculpture ; sutural line imdulating, not channelled. Aperture somewhat 
oblique, outer lip angled above, margin lightly crenulated, grooved within 
corresponding with the spiral sculpture ; columella short, slightly curved, 
narrowed and twisted at the extremity, lightly callused, with two well- 
developed rounded plaits on the middle area and a third more slender on 
the anterior twist of the columella. 

Length, 8 mm. ; width, 5*25 mm. 

Locality, Target Gully. Collected by Dr. Marshall. 

Type to be presented to the Wanganui Museum. 

Material consists of four examples in a good state of preservation. We 
name this pretty little shell in memory of our did friend Henry Suter. 

Admete anomala n. sp. (Plate VI, fig. 6.) 

Shell small, elongate ; spire exceeds the aperture in length. Whorls 
five or six, convex and lightly angled above the middle ; apex blunt, and 
sculpturcx (if any) obscure, succeeding whorls spirally and axially ribbed, 
nodular at the crossings ; axialS broad, equal to the interspaces, nine or 
ten on a whorl, directed slightly forward, feeble above the angle and on 
approaching the lip ; growth-striae in places well marked with here and 
there old lip-margins ; spirals narrower than the interspaces, twelve on 
the last, five on the spire-whorls, one of which is above the angle ; the first 
threadlet below the angle is much more slender than the others ; a small 
area at the anterior end smooth. Sutures impressed, slightly undulating. 
Aperture oval, outer lip uniformly curved, sharp, within the margin a 
number of small elongated denticles ; colipnella short, curved and obliquely 
truncated, the extremity slightly twisted to the left, thinly callused and 
with two small plaits ; the anterior lip produced and on uniting with the 
columella forms a short wide canal. 

Length, 8 mm. ; width, 3-75 mm. 

Locality, Hampden. Collected by Dr. Marshall. 

Type to be presented to the Wanganui Museunk 

The material consists of a single example. The two denticles only on 
the columella and the peculiar wide shallow aiiterior canal are not quite in 
accord with Admete ; probably it may be allied to Bahylonella of Cossmann. 

Fulguraria (Alcithoe) turrita Suter. 

F, (Alcithoe) arahica var. turrUa Sut., V.Z. Geol, Surv, Pal, Bull.^ 
No, 5, p. 39, pi. 5, fig, 4, 1917. , 

Examples of this species, of which we have a fairly good series from 
Niikumaru and Waipipi, agree perfectly with Suter’s description and figure. 
The produced spire and narrow form are constant characters, and some 
examples have the penultimate and last whorl adorned with small incon- 
spicuous spiral lines. The general contour is, however, so different, from 
arahica and its var. elongata as to warrant full specific distinctidn. It is 
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not uncommon in the beds above mentioned, where we have failed to find 
examples of the Recent species. 

Length, 126 mm. ; width, 47 imm.^ 

The series of specimens here noted to be lodged in the Wangalitu 
Museum. 

Fulguraria (Alcithoe) turrita var. nuktunaruensis n. var. (Plate IX, 

figs. 18, 19.) 

Distinguished from the species by its more slender form, the absence of 
prominent nodules, the axial riblets being feeble and almost absent on 
the last, the body having the same flat slope as the whorls above. 

Length, 102 mm. ; width, 34 mni. ; length of aperture, 57 mm. 

Locality, Nukumaru. . 

Type to be presented to the Wanganui Museum. 

There are several specimens, of which only one is perfect. 

Fulguraria morgani n. sp. (Plate VII, figs. 12, 12a, 126.) 

Shell rather small, nairow, axially costate, spire turreted. Whorls six 
or seven, lightly shouldered above the middle, excavated or flattened above 
the shoulder, below slightly convex, the last whorl slightly tapering to the 
anterior end ; the protoconch consists of about two and a half smooth 
whorls, somewhat rounded, apex blunt, the first half -turn somewhat laterally 
disposed by a comparatively wide and deep sutural excavation. Axial 
riblets sixteen to nineteen, rounded, rather narrower than the interspaces, 
usually less pronounced above the shoulders and on approaching the 
anterior end of the last whorl, on the latter towards the lip somewhat 
variable. Sutures undulating, not deep. Aperture slightly oblique, narrow, 
almost canaliculate above ; outer lip with sharp margin, slightly curved to 
the anterior end, the latter rather broad and deeply notched ; columella 
almost straight, lightly twisted at the anterior extremity, thinly caliused 
and with four plaits, the lowermost occasionally feeble. 

Length, 47 mm. ; width, 17 mm. ; length of aperture, 28 mm. 

Locality, Waipipi, in blue sandy clay. 

Type to be presented to the Wanganui Museum. 

Originally an example of this species was submitted to Captain Hutton, 
who pronounced it Volvia corrugata, Miocene. It was said to occur in 
the Patea or Waverley district, but the exact locality w^ unknown. On 
comparing it with the description and figures given by Suter (N,Z. OeoL 
Surv. Pal, Bull. No. 2) it was apparently quite difl[erent from Hutton’s 
species ; we therefore submitted examples to Mr. P. G. Morgan, Director 
of the Geological Survey, for comparison with the types, and his report 
coincides with the opinion we had formed. Its nearest kin is perhaps 
F, gracilis Swains. We convey to Mr. Morgan the compliment of associat- 
ing his name with the species. 

Turris curialis n. sp. (Plate VII, fig. 14.) 

Shell narrowly fusiform ; spire turreted ; whorls with sloping flal^ 
shoulders bounded by a prominent nodular ridge ; thence to the suture 
below excavated ; the concavity below the ridge continues across the 
body-whorl^ immediately above the aperture and appears again on the 
lip strongly marked (shell partly embedded in the matrix), anterior to 
this slightly convex, thence gradually contracted to the canal. Whorls 
probably eight or more. Sculpture : ^veral small spiral threadlets between 
the suture and keel, and two somewhat stronger between the latter and 
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suture below, on the last numerous, exceeding twenty, and narrower than 
the grooves ; axials consist of growth-striae only. Sutural line not deep, 
in places obscured by the spirals above and below. Aperture imperfect, 
rather narrow, the posterior sinus as indicated by the lines of growth 
situated at the nodular angle ; columella almost straight, thinly callused, 
the anterior end missing. 

Length, 26 mm. ; width, 10 mm. 

Locality, Hampden. Collected by Dr. Marshall. 

Type to be presented to the Wanganui Museum. 

The material consists of a single specimen of five whorls, including 
the last except its anterior extremity. The distinctive characters are the 
marked corrugation on the last whorl, which is a continuation of the 
peculiar excavate sutural area, the long sloping shoulder, and the prominent 
nodular angle. 

Surcula torticostata Marshall. (Plate VllI, fig. 15.), 

S, torticostcUa Marshall, Trans, N,Z, Inst, vol. 51, p. 232, pi. 12, 
fig. 7, 1919. 

This species was described from very imperfect material, consisting 
of upper spire- whorls only. An almost perfect specimen is now available, 
and we offer the following amended description. 

Shell fairly large, narrowly fusiform, the aperture and canal apparently 
rather less than the spire in length (the anterior end of the canal missing). 
Sutures not deep, margined below by a flat rather prominent rib. Whorls 
nine or ten, flat or slightly concave below the sutural rib, thence lightly 
convex, the last gradually tapering to, the canal. Axial sculpture varying 
as the shell progresses ; apical whorls apparently smooth ; then follow 
twisted, prominently backward-sloping narrow riblets, which arise a little 
below the sutural rib, and are suppressed a little above the lower suture, 
and on the later whorls, especially the penultimate and last, reduced to 
slight undulations and in places absent ; growth-striae well marked, 
prominent on the last ; the spirals consist of numerous fine feebly-raised 
threadlets wider than the grooves and forming irregular minute granules 
on crossing the growth-striae. Aperture narrow, deeply channelled above ; 
outer lip sharp, curving forward rather abruptly from the posterior sinus, 
which is situated immediately below the sutural rib ; columella and body- 
wall thinly callused, the callus on the latter margined by a rather pronounced 
double groove. 

Length, 59 mm. ; width, 14 mm. ; length from af)erture to apex, 34 mm. 

Locality, Hampden. Collected by Hr. Marshall. 

This specimen to be lodged in the Wanganui Museum. 

Surcula hampdenensis n. sp. (Plate VI, fig. 7.) * 

Shell narrowly fusiform ; whorls obtusely angled ; spirally Urate ; short 
oblique axials at, the shoulder and the sutures margined below. Whorls 
eight, the apex minute, thence gradually increasing, the last viewed dorsally 
♦exceeding the spire in length. Almost flat below the angle, then gradually 
sloping to the long anterior canal, the extremity of which is missing. On 
the spire-whorls the angle is slightly above the middle, the area above and 
below very sUghtly convex. Sculpture : Excluding the apex, the .first four 
‘vriiorls with irregular ill-defined axials extending across the whorls ; follow- 
ing these the angle well defined and on it developed fourteen or fifteen 
backward-sloping axials, narrower than the interspaces and not extending 
to the sutures below ; growth-striae, especially on the last, strongly marked ; 
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spiral tkceadlets adorn tbe lower whorls throughout, that margining the 
suture comparatively large and with a sharpl}^ defined lower fiiar|^^ a few ^ 
minute threads on its flattened surface, oh the last about fifty, those above ' 
the angle very slender, below with here and there an alternate larger i^d 
smaller threa^et, about equal to the grooved in width. Aperture : 

Up imperfect; posterior sinus extending frcmi the an^e to the sutural 
cord; columella almost straight; callus thin, not obscuring the spiral 
sculpture. 

Length, 22 mm. ; width, 7 mm. 

LocaUty, Hampden. Collected by Dr. Marshall. 

Type to be presented to the Wanganui Museum, 

Of this form there is only one example. It nearest kin are perhaps 

S, 8^%da, S, obliqt^ecosUUa, and S. mordax, 

\ 

^ Borsonia (Corderia) zelandica Marshall. (Plate VI, fig. 8.) 
Vdytoderma zelandica Marshall, Trans. N.Z. Inst, vol. 51, p. 230, 
p. 17, figs. 4 and 5, 1919. 

The material from which this species was described consists of two 
rather bacQy preserved specimens collected by Dr. Marshall at Hampden. 
The sculpture can be followed fairly well, and the position and form of the 
posterior sinus is clearly indicated by the weU-marked growth-striae. The 
outer Up being broken away gives a somewhat marked .prominence to the 
two smaU plaits on the columella, and this may in a measure have influenced 
the late Mr. Suter when he recommended its inclusion in VoltUoderma. We 
offer a figure of the aperture restored as indicated by the lines of growth* 

Conus (Leptoconus) armoricus Suter. (Plate Yl, fig. 9.) 

N.f. Ged, Surv. Pal. Butt. No. 5, p. 61, pi. 12, fife. 26, 1917. 

As no description of the protoconch is recorded, we offer the foUowing : 
The specimen has, a total of nine and a half whorls, three and a half of wlUch 
comprise the smpoth protoconch, which is sharply conical and sUghtly 
oblique ; whorls convex, with somewhat impressed sutures, the initial half- 
turn minute and somewhat laterally disposed, the third comparatively high, 
the last half narrowing and merging into the post-embryonic form. 

Length, 21 mm. ; width, 11 mm. (dimensions of specimen). 

Locality, Pakaurangi Point, l^ipara Harbour. Collected by Dr. 
Marshall. 

Conus (Leptoconus) armoricus var. pseudoarmoricus n, var. (Plate VI, 

fig. IQ.) 

Shell smaU, spire low, gradated, the body elongated and sharply tapering. 
Whorls six, excluding the protoconch, which is missing ; each whorl with 
a pronounced rim-Uke ridge, which overhangs and partly conceals the suture, 
giving to the volution a distinctly concave appearance ; the last whorl 
immediately below the ridged shoulder sUghtly contracted. Sculpture : 
On the spire-whorls four or five small spiral threadlets, on the anterior area . 
of the last about twelve weill marked and obliquely ascending ; above these 
a few ill-defined Unes which probably are continued to the crown ; axial 
growth-striae irregular, on the spire distinctly curved, indicating a fairly 
deep sinus. Aperture narrow; the margins almost parallel; outer lip 
iinperfect. 

Length, 18 mm. ; width, 10 mm. 

Locality, Hampden. Collected by Dr. MarshjJl. 

Type to be presexited to the Wanganui Museum. 
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Difiers from C. armoricm by the spiral threadlets on the spire, the rim- 
like ridge which overhangs the sutures, and the accompanying concavity 
of the whorls. The material consists of a single example. G, <mnoricus is 
recorded from Komiti Point,* Kaipara Harbour, and it is interesting to 
find a form so nearly akin in the Hampden beds. 

Melina zealandica Suter. (Plate X, fig. 20; Plate IX, fig. 21.) 

For all references see N,Z. Oeoh Siirv. Pah BiiM» No, 5, 

A description derived from very fragmentary materials is given in the 
above-mentioned publication, pages 68, 69. Plate viii, fig. 4, is a part of 
the hinge ; plate xiii, fig. 1, is the large fragment from Shrimpton’s, and 
not Ostrea mackayi, and fig. 2 is the latter species. 

The species is not uncommon in the Nukumaru and Waipipi beds ; 
numerous large fragments, including an almost complete hinge of a right 
valve, were obtained. Another example of hinge partly embedded in rock 
has both valves locked in natural position. Attached to a mass of rock 
a complete valve was noted; which was much eroded, but presented an 
approximate indication of the general outline. From this, aided by large 
fragments, we derive the figure of the restored shell. 

The shell is apparently subquadrate, somewhat swollen, the umbo near 
to the anterior end, the anterior ear small with the margin immediately 
below prominently indexed. The ventral margin and posterior end may 
to some extent have been completely eroded, as the lamellar structure 
would lend itself to this, but it does not appear to have been prominently 
winged. The hinge is massive and wide, with four or five conspicuous 
resihfers. The length of the hinge exceeds 140 mm., and several measure- 
ments indicate that the united valves are not less than 90 mm. ift diameter. 

Amphidesma (Taria) crassiformis n. sp. (Plate X, figs. 22, 23.) 

Shell of medium size, massive, triangular ; beaks almost at the posterior 
end which is abruptly truncated, strongly and acutely angled ; the anterior 
dorsal margin long, downward sloping and almost straight, the anterior end 
narrow and rounded, ventral margin slightly curved ; the posterior trunca- 
tion is slightly concave as it approaches the lip-margin, and on the end 
there are two, usually three, feebly-raised curved ridges. The median area 
of the valves and towards the ventral margin sometimes has a slightly 
concave appearance. Sculpture is irregular shallow concentric corruga- 
tions .with fine striae, the latter on the posterior end pronounced. Hinge 
conspicuously massive ; right valve with deeply excavate sockets above 
the* laterals, the posterior much the shorter ; in the left valve the anterior 
lateral elongated and with a double tubercle on its crest, the right Short 
high and triangular ; xjardinals in both lamellar Sjud oblique. Adductor- 
scars, pallial line, and sinus deeply impressed, the sinus short and with a 
broadly rounded apex. Lip-margins smooth. 

Length, 80 mm. ; height, 60 mm. 

Locality, Nukumaru, in blue sandy clay. 

Type to be presented to the Wanganui Museum. 

Material consists of three valves, a right and left of which are almost 
perfect. Keadily distinguished by its massiveness and the abrupt heavy 
truncation. 

*0, curmoricua occurs at Pakaurangi Point, not Komiti Point, which is some two 
miles distant. 





Figs, is, \\d.~Fulgurarm turritu var. nukumarnensis 
Fig. 21 . — Melina Zealand ica Suter. 
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Art. XXII . — Tertiary Geology of the Area between the Otiake River 
(Kurow District) and Duntroon, North Otago. 

By 6. H. Uttley, M.A., M.Sc., F.6.S., Scots College, Wellington. 

[Read before the Wellington Philosophical Society, 18ih September, 1918 ; received by 
* Editor, Slat December, 1919 ; issued separately, 15th June, 1920 J] 
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^ I. Introduction. 

As will be seen from the accompanying geological map (fig. 1), the area 
described in this paper extends from the Otiake River, the southern 
boundary of the Kurow Survey District, to near Duntroon, on the Otago 
side of the Waitaki River. The district north-west of the Otiake River is 
dealt with in a later paper in this volume, but to save unnecessary repeti- 
tion a full historical summary of the work of previous observers in that 
area, as well as in the present area, is given below. 

In the geological map no attempt has been made to map the various 
types of gravels, as the delimitation of their boundary-lines and their dif- 
ferential characteristics will demand a great deal of detailed work. The 
gravel lands are now covered with vegetation and soil, and this fact 
renders their distinction diflScult. The Wharekuri-Otekaike fault, which 
bounds the Kurow tilted block, follows an almost straight line, but 
between the Otekaike basin and the Otiake basin, a spur of the undermass, 
dipping easterly at 6° beneath the Tertiary rocks, apparently breaks the 
continuity of the rnangt fault-line. It woidd appear that in this locality 
the low-lying block had failed to break away, as the stripped surface of 
the spur is certainly continuous with that of the uplifted block for some 
distance to the wept of the main line of faulting. No* convincing evidence 
was obtained to show whether the boundary scarps of this protruding 
spur were fault-scarps or fold-scarps, except in the neighbourhood of 
Newsome’s Creek, where the quartz-grits were found lying directly on the 
sloping surface of the undermass on the southern side of the spur, three- 
quarters of a mile east of Trig. Station D, The surface and overlying 
quartz-grits at this point dip southerly at 30°, indicating that, in this 
locality at least, the scarp is a fold-surface. 

McKay was the only geologist who investigated the area in ^ any detail, 
and the sequence of rocks as recorded by him was characteristically 
accurate. His classification of the sediments was based almost entirely 
upon lithological characters, but he made large collections of fossils from 
several parts of the Waitaki Valley, and these were determined by the late 
Ml. Henry Suter two or three years ago, but the lists have not yet been 
published. McKay’s account of the geology is rendeted somewhat difficult 

♦ Spelt alflo “ MaerewWnua ” and “ Maraewheniia.** 
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to^foUdw owing to the necessity he was under of &idmg in the eoiies an 
unconformity marking the line of division between the Cretacep-Jer^iary 
and Tertiary system^ of the old Geological 8iu?vey under Sir James Bfeotor. 

The relationship of tte various rocks present in the area is obscu^ 
by the thick deposit of post-Tertiary paveb^ and exposures ar6 reveled 
only when the streams of the area have entrenched themselyes in the 
gravels and cut through the Tertiary rocks. The outcrops of Tertiary 
rocks along the fault-lines have been mapped only where they were 
observed. They are probably continuous beneath the gravels. 

The writer wishes to thank Mr. P. 6. Morgan for kindly allowing him 
to examine the lists of fossils determined by the late Mr. Henry Suter 
from the collections made by McKay forty years ago. To Dr. J. Allan 
Thomson the writer is much indebted for assistance in determining the 
brachiopods, and for permission to incorporate his list of molluscan fossils 
from the upper beds at Otiake in the lists detailed below, Mr. H. Suter 
named many forms from the same beds for the writer some years ago, and 
his determinations are included in these lists. 

The paper furnishes geological evidence for the existence of two strong 
faults, which are shown to intimately connected with the great fault- 
system of Central Otago, so ably described by Cotton (1917a, p. 272). 
The elongated relatively depressed area of the Waitaki Valley, between 
the mountains of South Canterbury and North Otago, occupied by Tertiary 
beds, is shown to be a tectonic depression whioh is partly a graben and 
partly a fault-angle depression. McKay’s statement that the Hutchinson 
Quarry beds lie above the Otekaike limestone is shown to be supported 
by the evidence. It is further shown that McKay’s two-limestone 
theory ” is radically different from Park’s “ two-limestone theory,” and 
that the latter’s statement (1918, p. 110) that Hutton, Hector, and McKay 
considered the limestone of the Waitaki Valley to be of Hutchinsonian 
age is not warranted. On the evidence of the brachiopod fauna this lime- 
stone is shown to be Ototaran. 

II. General Descrifhon of the Area. 

Between the Otiake and the Otekaike Rivers, flowing in a north- 
easterly direction to join the Waitaki River, the surface rock is a thick 
deposit of coarse water-worn boulders and silt. The initial gravel table- 
land has been rather deeply trenched by the streams, and the Otiake and 
the Otekaike now flow in braided courses to join the trunk stream. 
Remnants of high-level terraces are to be seen near the school at Otekaike^ 
indicating recent elevation. Before debouching from the mountains on 
to the gravel-covered plain these rivers flow in steep-sided gorges, and 
narrow terraces are noticeable on the sides of the streams. The moun- 
tainous' country that flanks this part of the area on the south-west rises 
fairly rapidly to a height of over 6,000 ft. in the Kurow Mountains, or At 
least 5,000 ft. above the general level of the gravel tableland. 

From Ben Lomond to Black Hill an even-topped gently sloping rid® 
extends almost to the main road, and the rise from the Otekaike ^sitt 
to this ridge is abrupt. The quartz-grits that crop out in the basin of 
the Waikaura Creek have been deeply dissected and eroded, and in plAoes 
the greywacke undermass crops to the surfape,^ particularly in the nij^r 
country towards Ben Lomond. The country to the east is an elevated 
tableland, deeply dissected by the streams that traverse it. The surface 
rock is formed of heavy river-gravels and silts, and limestone is revealed 
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in many of the creeks, and forms prominent escarpments on the badks 
of many of the larger streams. The Maruwenua River, a north-easteriy- 
flowing tributary of the Waitaki, rising in the neighbourhood of Dansey’s 
Pass, where a distant sag is noticeable in the main Kakanui-Kurow Range, 
is flanked by the rather steeply sloping back of a tilted block, the strip^^ 
surface of which dips beneath the Tertiaries exposed in the neighbourhood 
of the river. 

The Waitaki River flows in an east-south-east direction near the base 
of the well-preserved fault-scarp of the South Canterbury block mountains. 

The Tertiary rocks in the Waitaki Valley occur in an elongated 
depression between the mountain-ranges of North Otago and South Canter- 
bury, and the origin of this depression has been referred to various causes. 
Haast had no difficulty in imagining that a glacier was the agent of 
erosion ; Hutton and Park invoked the aid of a pre-Tertiary river, the 
valley of which, after general subsidence of the land, was drowned by the 
encroachment of the sea, and the sedimentary dejiosits laid down. Marshall 
detected signs of tectonic movement in the neighbourhood of Wharekuri, 
and Cotton later elaborated the idea in his work on the block mountains 
of Otago, and described the depression as a somewhat complex graben 
between the uplifted block mountains of North Otago and Canterbury. 

The Tertiary rocks consist of quartz conglomerates and sands, and 
sometimes fireclays, with seams of inferior brown coal. These , roclffi rest 
on the eroded surface of the older greywacke rock, and are followed by 
greensands, often pebbly, sandy, and micaceous, and containing marine 
fossils 20 ft. above the coal. These greensands pass up into more 
calcareous greensands, containing"^ much less quartz and mica, but glau- 
conitic casts of Foraminifera are abundant. The limestone which overlies 
these greensands sometimes has at its immediate base a band of calcareous 
greensand containing brachiopods in abundance ; in other cases the 
transition from a calcareous glauconitic sand .to a slightly glauconitic 
limestone is almost insensible. The glauconitic limestone passes up into 
a much harder limestone free from glauconite, and the latter rock is capped 
by very fossiliferous concretionary hardened bands, covered in turn by 
more sandy beds, which appear to be unfossiliferous in their upper part. 
Overlying these rocks imconformably is a heavy deposit of river-gravel 
and silts. 

Ifl. Historical Summary. 

That the historical summary of the views of previous workers may be 
more easily followed, the classification as finally adopted by McKay for the 
Waitaki Valley is tabulated. 

Age. Formation. 

Recent to Pleistocene . . Alluvial and glacier xieposits. 

Lower Miocene . . , . Pareora formation. 

(a.) Gravels and sands, with lignite-beds. 
(6.) Pareora clays. 

Upper Eocene . . . . * (a,) Hutchinson Quarry beds. 

(6.) Otekaike limestone. 

(c.) Kekenodon beds (greensands). 
Cretaceo-Tertiary . . . . (a.) “ Grey marls.’’ 

(6.) Maruwenua limestone. 

(c.) Wharekuri greensands. ^ ^ 

, . (d,) Island sandstone. 

(e.) Coal-beds. 
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Hector, in 1866, classified the Waitaki arenaceous rocks as Lower; 
Miocene, an|d the Oainaru rocks as Upper Miocene. In 1870 he considered 
the Oamaru rocks to be Older Tertiary, and those of the Waitaki Valley 
Middle Tertiary. In 1877 he placed the coal-grits, sandstones, and' ovei- 
lying limestones at Maruwenua m his Cretaceo-Tertiary system. In 1^2 
be considered the Otekaike limestone to be of Tertiary age, and at a higher 
horizon than the Maruwehua limestone (Cretaceo-Tertiary). 

Hutton (1875, p. 46), alter examining a collection of fossils fropa 
Otekaike, classed them as Upper Miocene (Pareoi:an or Awamoan), and 
(1876, p. 89) considered that the Tertiary rocks at Wharekuri occupied a : 
depression ‘‘ hollowed out by an* Eocene glacier.*^ The brown cqal at 
Wharekuri was said to be Eocene. McKay (1877) reported on the geology 
of the Oamaru and Waitaki districts, and referred the Maruwenua lime- 
stone and the overlying fossiliferous horizon (“ Phorus beds ’') to the 
(h?etaoeo - Tertiary system, and stated that the “ equivalent beds of 
Hutchinson’s Quarry, Oamaru, and even higher beds, assume the character 
of a calcareous sa^^Jstone at Otekaike, and at Big Gully (Wharekuri) of 
a tufaceous greensand.” In the same report (1877, p. 68) he declared 
the impossibility of separating the i Awamoan, either stratigraphically or 
otherwise, from the Hutchinsonian. In a later report (1882a) he described 
the Waitaki Valley more fully, and stated that the Tertiary rocks, 
comprising limestones and calcareous greensands of Upper Eocene age, 
rest indifferently on various members of the Cretaceo-Tertiary series. 
Certain sandstone gravels, often steeply tilted, were classed as Upper 
Pareoran (Awamoan), and the coal at Wharekuri was referred to this 
horizon. The Hutchinson Quarry beds at Wharekuri were said to rest 
conformably on the Otekaike limestone, which was classed as a Tertiary 
rook, quite distinct from the Maruwenua limestone of Cretaceo-Tertiary 
age. The ‘‘ sandy beds with cement concretions ” (“ Phorus beds ”) above 
the limestone at Maruwehua were referred to the horizon of the “ grey 
mftkrls ” of Cretaceo-Tertiary age, although the fossils “ resemble those 
from Hutchinson’s Quarry and the Otekaike limestone more than those 
of the ‘ grey marls.’ ” The Wharekuri greensands were said to be overlain 
unconformably by the “ KeJeenodon greensands ” (a Tertiary rock), and 
to belong to the Cretaceo-Tertiary , system. The fossiliferous beds that 
overlie the coal-rocks at Black Point were said to' be at the same horizon 
as the island sandstone. The heavy angular gravels, containing boulders 
with Triewsic and Permian fossils, were considered to be of glacial origin, 
the glaciers having taken their rise in the surrounding mountains. McKay 
collected fossils fr6m Station Peak, opposite Otekaike, and stated , that 
in the section exposed there “ the Hutchinson’s Quarry beds do npt 
pi^sent their usual characters, and must be considered as merged in the 
Otekaike limestone.” Again, referring to the same section, he afl&rmed 
that “ the oldest beds seen are limestones as pure as, though less fossiliferous 
than, the higher part.” In this locality and at Otekaike McKay considered 
that the limestohe rests directly on the subschistose rocks. 

In a later report (1882b) McKay still maintained that the coal-beds 
were of Pareora a^, but that quartz sands and fireclays of Eocene age, 
similar to the rocks usually associated with the coal-seams, lay beneath 
the “ Kekenodon greensands,” of Eocene age. The Maruwenua limestone 
was now considered to consist of three distinct rocks. The upper part 
(the “ Phorus beds,” of Upper Cretaceo-Tertiary age of his former reports) 
was referred to the Hutchinson Quarry horizon, the middle part was 
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correlated :writh the Otekaike limestone, both being referred to the Tertiary ; 
while the basal part of the Maruwenua limestone was stated $o be of the 
same age as the Ototara limestone (Cretaoeo-Tertiary). Mc!l^y asserted 
that, although these three rocks are quite conformable at Martiwenua, 
unconformity was deemed to be present, as the Otekaike limestone rested 
directly on the subschistose rocks at Otekaike and Station I^ak. He 
gave a section (1882 b, p. 104:) showing the relationship between the two 
limestones, and the Hutchinson Quarry beds were shown above the lime- 
stone at Otekaike. 

'Hutton (1886, p. 54:7) described a section on the Rakaia River, Canter- 
bury, at a locality called “ The Curiosity Shop.” The aim of the paper 
was to show that the division of the rocks in this locality into a Cretaceo- 
•Tertiary and a Tertiary series was quite unjustifiable on either strati- 
' graphical or palaeontological grounds. In the course of the paper he 
discussed the rocks and fossils of the Waitaki Valley, criticized adversely 
M^cKay’s arguments in favour of an unconformity an 3 nvhere in the series, 
and showed clearly that the sequence at Wharekuri irom the Hutchinson 
.Quarry beds down to the greensands forms a single series. In a later paper 
(1887, p. 429) he again contended that ,the Otekaike limestone and the 
Maruwenua limestone belonged to the same series. 

Park (1887, p. 139) traced the Ototaran stone almost continuously from 
Oamaru to Ngapara, where it rests conformably on greensands, the upper 
part of the greensands being represented at Oamaru by the Waiarekan 
tuffs. The limestone (at Ngapara) was said to have lost all the character- 
istics of the fine Oamaru building-stone, yet “ standing on the high' hills 
surrounding Ngapara it is quite obvious that the Ototara stone at one 
time formed a continuous bed ” (loc, city p. 140). Park (1904a, p. 416) 
determined the succession of the younger Tertiaries in South Canterbury and 
Otago to be, in descending order, (a) Oamaru stone, (6) marly and sandy 
clays, (c) marly greensands, often with calcareous concretions, (d) quartz- 
grits, fireclays, and coal ; and he stated that “ the sandy Kekenodon 
beds and underlying greensands, &c., form the base of the Tertiary beds 
in the old Waiteki Fiord, and, proceeding westward, 1;hey pass under a 
yellowish-brown limestone, which McKay calls the Otekaike limestone. 
I think there can be no doubt that this limestone is the horizontal equiva- 
lent of the Ngapara (Oamaru) limestone. But, without laying any stress 
upon the exact correlation of the limestones, we have in the Wharekuri 
basin a Action of the Oamaru series exactly parallel with that at the Waihao 
River ; and there is little to wonder at in this parallelism if these beds, 
as secnis to me likely, were deposited on the floor of the same continuous 
sea. The position of the sandy beds [the greensands], containing, as we 
find, most, if not all, of the forms hitherto supposed to be typical of 
Pareora [Awamoan] series, at once raises a question as to the relations of 
the Awamoa and other supposed Pareoras in North Otago to the Oamaru 
stone.” In a note (1904, p. 418) Park stated that he had since obtained 
evidence in North Otago and South Canterbury whicJih confirmed his con- 
clusion that the Pareora beds (Awamoan) underlie th$ Oamaru (Waitaki) 
stone. 

Hamilton (1904, p. 466) described some vertical faults striking noxth- 
north-west at Wharekuri, and his section showed the Wharekuri green- 
sands in contact with the ijuartz-grits along a line of faulting. Park (1906) 
elaborated his position in regard to the position of the Pareora (Awamoan) 
faiina beneath the Waitaki stone, and contended that there were reajly 
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two limestone horizons in North Otago> separated by* the Hatchinimn 
Oioarry and Awamoan beds ' The lower limestone he called the Oamaru 
stone^ and the upp^ limestone the WaitaM stone, as it was stron^y 
devdoped in the Waitaki Valley. The Maruwenua limestone and me 
Otekaike liznestone at Whareknri were considered to be at the sao^ 
horizon above the Awamoan, which, it may be remarked, is an alt<^ther 
different view from that which Mcl^y held in regard to the relationship 
of the Ototara (Maruwenua) limestone and the Otelmike limestone. McELay 
certainly considered the two limestones distinct rocks; but the require- 
ments of the Cretaceo-Terti^ theory demanded this, as a break had to 
occur somewhere in the series. Never did McKay dream of ^^ing the 
Waitaki limestone above the Hpitchinsonian and Awamoan Horizons, fbr 
he always maintained the infra-position of the limestone in North Otago 
and South Canterbury (1882a, p. 65, and 1882b, p. 103). Park correlal^ 
the gi^eensands at Wharekuri with the Hutchinson Quarry beds at Kakanui 
(1905, p. 523), but McKay had always maintained that the beds above the 
limestones in ,the Wharekuri area were undoubtedly the representatives 
of the Hutchinson Quarry beds at Oamaru. Park placed the coal-beds at 
Wharekuri at the base of the Tertiary series. 

Marshall, Speight, and Cotton (1911, p. 405) stated that there was no 
evidence that the greensands lying beneath the Maruwenua limestone are 
the equivalent of the Hutchinson Quarry beds at Oamaru, but agreed with 
Park in his contention that the series is conformable. 

Marshall (1915, p. 383) gave a list of fossils from the fossiliferous beds 
at Otiake, and referred them to the horizon of the Oamaru limestone 
(Ototaran). * 

Cotton (1917a, p. 285, and 1917b^ p. 432) showed that the Waitaki 
River followed a complex graben along the northern boundary of the 
block-complex which forms the mountains of Otago, and he described several 
interesting examples of tectonic forms. 

IV. Description op the Tertiary BEoef. 

(1.) Trig, Station Z, Otiake River, 

The exposure of fossiliferous beds in this locality is seen on the face^of 
a rather prominent cliff, near the Trig. Station Z, close to the Otiake River, 
and about a mile above the railway bridge. The beds dip 7® in a direction 
N. 20° W. The section exposed here is illustrated in fig. 2. 



Fig. 2. — Section at Trig. Station Z, Otiake River, (a) Otekaike limestone; (6) glau^ 
conitic calcareous^ bands ; (c) less glauconitic calcareous sandstones] with 
glauconitic bands passing up into (d); (d) softer calcareous mudstone,^ 

The lowest bed (a) is a compact light-yellowish-brown limestone (Otekwke 
limestone) containing abundant teats of Forciminifera, a Small (quantity of 
clear subangul^ minute grains of quartz, and some glauconitic casts of 
Foraminifera. Microscopic fossils are scattered through the mass of the 
rock. Pachymagas huUoni Thomson, Peclen huttoni (Park), Lirnopm mrUa 
(Broochi), Der^ium solidum llutt., Cucullaea sp. were found in the limp- 
stone, The overlying bed (6) is distinctly marked out from the underlying 
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limestone by its ^glauconitic nature and by the abundance of fossils it eon- 
tains. Though occurring in (c) es well, the fossils are most abundant in the 
glauconitic bands. The bed (b) is hardened and concretionary, and is 3 ft. 
in thickness. Bed (c) is a calcareous, less glauconitic bed, showing a thick- 
ness of 20 ft., and containing occasional thin bands of glaucomte with 
fossils. It appears to pass up i^to less fossiliferous, more sandy beds 
The fossils collected from beds (b) and (o) are given below, and include the 
species collected by Dr. Thomson, Dr. Marshall, and the writer. The 
collector’s name in each case is denoted by the initial letter of his name. 
For purposes of easy reference and comparison the list is arranged 
alphabetically. Recent species are marked with an asterisk. ^ 


Ampullina sviuralis (Hutt.) 

. . M, T, U. 

Ancilla hebera (Hutt.) 

.. M. 

*- mucronata (Sow.) 

.. M, U. 

♦ nome-zelandiae (Sow.) 

.. M. 

papillata (Tate) 

. . T, U.^ 

Anomia trigonopsis Hutt. 

.. T. 

Bathytoma sulcata excavata Sat. 

. . M, T. U. 

Borsonia rudis (Hutt.) 

. . M, U. 

^Calyptraea alta (Hutt.) 

.. T. 

* maculata (Q. & G.) 

. . M, T, U. 

Cominella pulchra Sut. 

.. M. 

Corbula canalicukUa Hutt. 

. . M, T, U. 

humerosa Hutt. . . 4 

. . M, U. 

— ; — kaiparaensis Sut. 

. . M, U. 

*Cras8atellites obesus (A. Ad.) . , 

. . M, U. 

Orepidula gr eg aria Sow. 

.. M. . 

striata (Hutt.) . . 

. . M, U. 

Cucullaea atteriuata Hutt. 

. . M, U. 

Cymatium minimum (Hutt.) . . 

.. U. 

Cymhiola corrugata (Hutt.) 

. . M, T, U. 

Gytherea chariessa Sut. 

.. U. 

♦ oblongata (Hanley) 

. . M, T, U. 

Dentalium mantelli Zitt. 

. . M, U. 

pareorense P. & S. 

.. T. 

solidum Hutt. . . 

.. M, U. 

"^Divaricella cumingi (Ad. & Ang.) 

. . M, T, U. 

*Dosinia greyi Zitt, 

. . M, T, U. 

Dfillia calliinorpha Sut. 

.. M. 

EpUonium lyratum (Zitt.) 

. . M, U. 

ExiliCb dalli Sut. 

.. M. 

Ficus parvus Sut. 

.. T. 

^Fvlgorcaria gradUs (Swains.) . . 

. . M, T. 

Leucosyrinx aUa (Harris) 

.. M, U. 

alta transenna ... 

.. M. 

Lima coloraia Hutt. . . 

.. M, T. 

*Limopsis aurita (Brocchi) . . . 

. . M, T, U. 

catenata Sut. . . . . . 

■ . . u. . 

*Loripes concinna Hutt. 

.. u. 

Macrocallista assimilis (Hutt.) 

.. M, tJ. 
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*MacrocaUista muUistriata (Sow.) 
MangUid bUmdicUa Sut. 
Marginelia harrisi Cossm. ' . . 
Mitra armordca Sut. . . 

- M ehngaia (Hutt.) 

"^MxMiolus austrcdis (Gray) 

*Murex zelandicus Q. & G. 
"^Natica zelandica Q. &; G. 

Nucvla saggitata 
^Ostrea tcUei Sut. 

P eaten beethatm Hutt. /i- . 
chathamensis Hutt. // . . 

* zelandiae Gray ' . . 

Polinices gibbosus (Hutt.) 

^ ^ huttoni Iher. . . . . 

*Psammobia UneolcUa Gray 
Ptychairactus ^ tenuiliratus Sut. 
Sinum cinctum (Hutt.) 

Siphonalia conoidea (Zitt.) 

* nodosa (Mart.) . . 

tunrita Sut. . . " . . 

*StnUhiolaria vermis (Mart.) 
*TelUna glabrella Desh. 

Terebra orycta Sut. . . 

Teredo heaphyi Zitt. . . 
^Trichotrojns clcUhrata Sow. 
*Turbonilla zealandica (Hutt.) . . 
Turris uttleyi Sut. 

Turritella ambulacrum Sow. 

* carlottae Wats. . . . . 

- — cavershamensis Harris 

— semiGoncava Sut. 

Typhis maccoyi T.-Woods 
"^Venericardia difficilis (Desh.) . . 

pseutes Sut, .. ,U 

purpurata (Desh.) . .t ; 

*Zenatia acinaces (Q. & G.) 


.. M,T.U. 

. . U. 

. . M. U. 

.. . T, U. 

.. U. 

. . M. 

. . M, T, U. 

. . M, T, U. 
.. U. 

.. T. 

.. T. 

.. T. 

.. M. 

. . M, T, U. 
.. M, T, U. 
.. T. 

.. U. 

.. M. 

.. M. 

. . M, T. 

. . T, U. 

.. M. 

.. T. 

.. M. 

. . M, T, U. 
.. M. * 

.. T, 

. . M, T, U. 
.. T. 

.. M. 

. . M, T, U. 
.. M,T. 

. . M, U. 

.. M. 

. . T, U, ‘ 
.. T. 

.. M. 


Out of this list of seventy-six specie twenty-six are Recent, giving a 
percentage of 34. 

In addition to the molluscs, Pachymagas huttoni Thomson is abundant 
injthe glauconitic bands. Two new species of Surcula were found in the 
writer’s collection, and Dr. Thomson obtained a new species of VexiUum. 

' Every one of the above species occurs in the Awamo&n beds elsewhere, 
and thirty-nine species have never been found below the “ Pachymagas 
parki'^ greensand band (the Upper limit of the Hutchinsonian) in the 
Oamaru district. Corals also occur in these beds. (Notb.^ — To avoid 
circumlocution the writer will refer to these upper fossiliferous beds as the 
Otiake beds.”) . 

Dr. Marshall has published a list of fossils from this locality, and they 
are stated to have come frofn the limestone (1915, p. 383). All fossik 
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colleoted by the present writer have b^en gathered from the glauconitk: 
band (6) and overlying bed, and at least 60 ft. of limestone is exposed below 
this bed. This limestone is poorly v fossiliferous. . Corals occur in the 
glauconitic bands above the limestpne, ^as well as Pachymogm huUom 
Thomson (possibly Ma>*shall’s Magdktma sp.), but the writer did not find 
Isis daclyla. Nor was he more successful in finding a ^auconitic band of 
greensand hehw the limestone in which the corals and brachiopods were 
said to occur. 

Park (1918, p. 83, footnote) says, Mr. Uttley states {Jide Dr. J. A. 
Thomson) that the beds from which the collection was made lie above the 
Waitaki stone, and are undoubtedly Awamoan ” ; and on the next page 
of his report (1918, p. 84) he writes, “ On the palaeontological evidence the 
so-called Waitaki stone at Otiake should be referred to the Awamoan 
instead of the Upper Hutchinsonianl’’ 

These statements, together with MarshalFs view that the fossils came 
from the limestone, need some comment. The fossils were collected from 
the top of the section, with a considerable thickness of limestone below 
them. The fossils are almost certainly Awamoan, but the writer considers 
the limestone to be of Ototaran age. In the Waitaki Valley there is 
a lack of brachiopods that characterize the Hutchinsonian greensands of 
the Oamaiu coastal district, particularly the brachiopod Pachymagas parki 
(Hutt.), which, though not restricted to the Hutchinsonian, occurs abundantly 
in a well-marked indurated glauconitic band, and marks the upper limit 
of the Hutchinsonian. In the absence of a brachiopod fauna it would 
scarcely be possible to differentiate this horizon, except perhaps litho- 
logically, even in the Oamaru district, and the Hutchinsonian and Awamoan 
would, as far as the moUuscan faima is concerned, have to be considered 
as part and parcel of the same series. (See McKay, 1877, p. 58 ; Hutton, 
1887, p. 416)/" The writer believes that this is the case in the Waitaki 
Valley, and that these fossiliferous beds at Otiake represent the Hutchin- 
sonian and Awamoan horizons of the coastal district. McKay (1882a, 
p. 66) recognized the beds above the limestone at Wharekuri as Hutchin- 
sonian, and these are at the same horizon as the Otiake beds. There is no 
evidence to show that the Otekaike limestone is other than Ototaran in 
age. The beds beneath the limestone are not seen, but on the right bank 
of the Otiake River, where > the limestone again crops out, greyish-green 
foraminiferal sands, underlain by intensely dark greensands, crop out 
farther up the river, dipping in the same direction as the limestone ; and 
a short distance from the outcrop of greensands the quartz-grits also dip in 
the same direction. 

(2.) Otekaike Special School, 

This is the locality (Geological Survey locahty No. 481) where McKay 
collected fossils in 1881. His collection, he states, was made from the 
Otekaike limestone, which crops out on the |left bank of the Otekaike 
River, two miles ^.nd half from the main road. Where exposed it contains 
a few fossils, Cucullaea worthingtom Hutt. (?) and Pachyi/nagas huttoni 
Thomson being the forms collected by the writer. McKay records ten 
forms, eight of which occur in the upper beds at Otiake. . Traill’s collection 
(Geol. Surv. loo. 269) is also said to have coiqe from the limestone. Seven 
species were determined, and six occur in the upper beds at Otiake. 

These geologists evidently failed to find highly fossiliferous horizon 
in this locality. On the sloping right bank of the creek, immediately 
behind the school, the writer discovered^ at the top of the linaestone, two 
g^ttconitic beds crowded with fossils, which *are undoubtedly at the same 



homon as the Otiake i^ds. Fully 40 it« of limestoue uiidex^ies, and , 
base is not seen. The fossils collected from the Otiake beds in this 


locality were— 

Amjyullina siUurdlis (Hutt.) 
AncUla papiUatd {Tate) 

Anorma trigonopsis Hutt. 
Bathytoma sulceUa excavata Sut. 
^alyptruea alia (Hutt.) 

♦ maculaia (Q. & 6.) 

Cominella puhhra (?) Sut. 

Corhula <^nalic^data Hutt. 

humeroaa Hutt. 

— — kalparaensis Sut. 

'^Grassatdlites obesm (A. Ad.) 
Crepidula gregaria Sow. 

CucuLlaea aitenuaia Hutt. 
Cymhiola corrugata (Hutt.) 
Cytherea chariessa Sut. 

Dentalium pareorense P. & S. ^ 

solidum Hutt. , 

^ Divaricella cumingi (Ad. & Ang.) 
Epitonium lyratum (Zitt.) 
Leucosyrinx alia (Harris) 

Lima colorata Hutt. 


^lAmopm aufita (Broochi) 
*Loripe8 conc^nna Hutt. 


Margindla harrisi Cossm. 
^Natica zdaridica Q. & G. 
NucuHi saggitata Sut. . 

Pecten chaihamensis Hutt. 

♦ zelandiae Gray 

PoUnices giljbosus (Hutt.) 

huttoni Iher. J 

‘ Siphonaiila turrita Sut. 

"^Tdlina glabrdla Desk. 

Terebra oryda Sut. 

Teredo heaphyi Zitt. 

*Turbontlla zeatandica (Hutt.) 
TurriteUa andmlacrurn Sow. 

— - cavershcememia Harris 

aemicovmva Sut. 

Venericardia paeutea Sut. y 

♦ purpurata (Desh.) 


Out of this list of forty-one species, two were doubtfully identified. 
Eleven species are Recent, giving a percentage of 27. This collection was 
obtained after two or three hours’ work, and there is not the slightest 
doubt that many additional fornis may be obtained from this locality. 

The lirachiopod Pachymagaa hvtioni Thomson is again very abundant, 
and corals are also found similar to those found at Trig. Station Z. McKay 
(1882a, p. 66) states that in this locality the Otekaike limestone rests directly 
on the Palaeozoic rocks, and he gives a section (1882b, p. 104) illustrating 
his views. It is true that a short distance from the present loc^ity the old 
rock crops out, but McKay observed no junction, as the country between 
is obscured by heavy gravel deposits. The writer followed up the various 
small creeks that have cut deeply into the gravels, and found the quartz- 
grits dipping towards the limestone a short distance away close, up. to the 
mountain-front, so that there is no doubt that the limestone does not lie 
on the old rock at Otekaike. The section given by McKay (1882b, p. 104) 
was intended to illustrate his views of the rdationship between the Otekaike 
limestone and the Maruwenua' limestone, which he considered to belong 
to different systems. In his first report on the locality he gave a section 
(1882a, p. 75) showing the Otekaike limestone at a higher horizon tban 
the Maruwenua limestone in its entirety ; but in a later report during the 
same yeax he gave another section (lfe2B, p. 104), in which he modified 
his views considerably. He divided the Maruwenua limestone into three 
distinct rocks, and correlated the Otekaike limestone with the middle 
portion of the Maruwenua limestone, and the Hutchinson Quarry beds 
with the fossiliferous horizon Phorua beds”) that lies at the top of the 
Maruwenua lim^tone. He had previously referred these fossiliferous 
beds to the top of the Cretaceo-Tertiary. His section shows clearly the 
Hutchin^n Quarry beds lying above the Otekaike limestone at Otekaike 
(the present locality), although he makes no reference to them in his 
report.. He frequently refers, however, to the Hutchinsbn Quarry beds 
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lying above the Otekaike limestone at Wharekuri. Tie writer has no 
doubt that if McKay had discovered the glauconitic fossiliferous beds 
above the limestone at Otekaike he would have referred them to the 
Hutchinson Quarry, horizon, for his description of the latter beds at 
Wharekuri would apply equally well t;o the Otiake beds at Otiake and 
Otekaike. Although McKay made the break between the Cretaceo-Tertiary 
and Tertiary systems at the top of the lower third of the limestone at 
Maruwenua, yet he states that there is stratigraphical conformity throughout 
the section ; but that imconformity is proved, as the Otekaike limestone 
rests on the old “ subschistose ” rocks ajb Otekaike. As there is no evidence 
forthcoming to show that this is so, and as the basal quartz-grits of the 
series are present, as shown above, unconformity has not been proved. 
McKay was perhaps justified on lithological groimds in dividing the 
limestone at Maruwenua into three portions^ The “ Phorus beds at 
Maruwenua, as will be shown below, are similar to the Otiake beds, and 
therefore probably Hutchinsonian-Awamoan. The less glauconitic lime- 
stone below these at this locality has all the lithological characters of the 
limestone at Otekaike, while the more glauconitic basal portion of the 
limestone at Maruwenqa represents the basal part of the Otekaike limestone, 
which is not visible in the present locality, as it is obscured by gravels. 

The quartz-grits crop out again at the point where the Otekaike River 
leaves its gorge and debouches on to the . gravel-covered plain. They lie 
near the foot of a steep escarpment of greywacke rock on the right bank 
of the stream, and mark the point of intersection of two strong faults, the 
one extending from Wharekuri to this point, and another trending in a 
north-easterly direction. The small exposure of the quartz-grits mentioned 
in the description of the beds at Otekaike lies on the line of the Wharekuri- 
Otekaike fault, and it will be shown in another paper in this volume that there 
are other outcrops of Tertiary rocks lying near the base of the mountain- 
front in the Kurow district. This fault has a north-westerly trend. The 
escarpment referred to above extends in a north-easterly direction towards 
the main road, and the crest of the evenly sloping ridge drops 600 ft. in 
a distance of three miles. Patches of quartz-grits and limestone crop 
out at various places at the foot of the scarp, and define the direction of 
this fault, which boimds the north-east portion of the great Kakanui tilted 
block (Cotton, 1917a, p. 279)., The back slope of this portion of the 
block is stripped of its cover in the higher country towards Ben Lomond, 
but the covering strata (quartz-grits, greensands, limestone, &c.) are still 
preserved in the country extending north and south from Black Hill to 
Livingstone. 

(3.) White Rocks and Duntroon Area, 

In the Waikaura Creek, quartz-grits crop out to the east of Black 
Hill, and a prominent limestone mesa rises steeply from the bed of the 
creek. The slopes are buried in talus, and the intervening rocks are not 
exposed. The limestone resembles the Otekaike limestone in containing 
little glauconite. Its dip is westerly. From this point the Maruwenua 
tableland stretches to the south-east, covered by lieavy gravels and silts, 
but the limestone is exposed in many places where the creeks have cut 
through the gravels. r . 

At White Rocks, where the limestone crops out on the main road two 
Xiailes above Duntroon, the highest rocks are the high-level river-gravels, 
overlying a limestone showing in places a thickness of 70 ft. TJhe under- 
l 3 nng rocks are not exposed, but the quartz-grits crop out about three- 
quarters of a miles up <^he valley, dipping in the same direction. The dip 



of the limeBtone i$ eiisterly, at an angle of 6°. The lower, part of the lime- 
stone is very glauconitic, and contains abundant Foraminifera and small 
echinoderms. Brachiopods also occur, being particularly abundant in one 
narrow band about 4 ft. wide. The limestone gradually gets less glauecbitie 
and more indurated, and at the top it resembles the harder portions ol^the 
Otekaike lin^estone. . 

Pachymagas hyttoni Thomson, Ejnionium lyratum (Zitt.), Graphuiaria sp., 
and Lima sp. were found in this upper part. 

The lower glauconitic limestone in its upper portion furnished the 
^following fossils 

Aetheia gauUeri (Morris) Pachymagas eUipticus Thomson 

lAothyrdla landonemis Thomson TerebrateUa totaraensis (?) Thomson 

Neothyris tapirina (Hutt.) TerebratuUna svmsi (Hutt.) 

Rhizothyris rhizoida (Hutt.) Epitonium lyratum (Zitt.) 

.Pachymagas huttoni Thomson Pedien huttoni (Park) 

Foraminifera and echinoderms are plentiful in this bed. 

In the neighbourhood of Duntroon, and in other places in the Maru- 
wenua district, prominent salients in the shape of well-rounded hills and 
ridges are prominent above the surface of the tableland. They are capped 
with silts or gravels, and their flanks are usually covered with soil, and 
grass, but where cuttings have been made through theih fossiliferous beds 
are exposed which correspond with the horizon above the limestone (Jjhe 
Otiake beds). McKay clearly recognized that the form and position o 
these salients were an index of their nature, for, after describing them as 
capped with gravels, which are underlain by brown or light-coloured sands, 
in the lower part of which lenticular masses and beds of hard sandstone 
occur full of fossils, he says that “ the fossiliferous beds underl 3 dng [the 
gravels] will probably be found in the isolated hills behind McMaster’s 
Station ’’ (1877, p. 67). 

The Trig. Station A is situated on oiie of these prominent ridges, and 
on the road from Duntroon to the “ Earthquake,’" which cuts torough ^ 
this ridge about one mile and a half from the railway-l^e, these upper 
fossiliferous beds crop out. In some places the fossils occurred in con- 
cretionary masses, but usually as casts. The looser portions of the rock . 
are glauconitic and calcareous, but the fossils in these are very friable. 
From the hardened bed were obtained Pachymagas huttoni Thomson, and 
casts of Turritella sp., DerUalium sp., Venericardia sp. In the looser 
deposits lying immediately above, the following forms were obtained : — 
Anomia trigonopsis Hutt. (?) Cytherea chariessa Sut. 

CardiumK sp. ^Limopsis aurita (Brocchi) 

Corbula canaliculata Hutt. Modiolus sp. 

*Crassatellites ohesus (A. Ad.) Vemricardia pseutes Sut. 

These beds are the “ Phorus beds ” of McKay, and this appears to be 
the locality from which he collected (Geol. Surv. loc. No. 178). These 
beds, as pointed out above, in his earlier reports he referred to the top 
of the Cretaceo-Tertiary, but subsequently he correlated them 'v^ith tl^e 
Hutchinson Quarry horizon, considering the underlying white limestone 
as the equivalent of the Otekaike limestone, while the basal portion of the 
limestone (usually very glauconitic) he referred to. Ins Cretaceo-Tertiary 
system. The writer is in agreement with McKay in ^cing the “ Phorus 
beds ” in the Hutchinsonian, and believes they are the equivalent of the 
Otiake bedi^ at Otekaike and Otiake. 

At the “ Earthquake ” the limestone at the top of the cUfls is of /the 
harder whitish variety, but |ower down it gradually gets moire ^ucouiticj 
and in the lower 10 ft. it contains an abxm<&iice of brachiopods. 
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The fossils collected from the'lower part of the limestone were — 

Aetheia gaulteri (Morris) * Pachymagas huUoni Thomeon 

Liothyrdla landonensis (?) Thomson Rhizothyris rhizoida (Hutt.) 
Neothyris tapirina (Hntt.) Terebratulina ^uessi (Hntt.) 

Pachymagds dlipticus Thomson EpUonium lyratum (Zitt.) 

Foraminifera are also abundant. 

Below this fossiiiferous portion 2 ft. or 3 ft. of greyish-green glauconitic 
marly sands are exposed, and in the basin of Waipati Creek the quartz- 
grits are exposed dipping towards the limestone. 

(4.) Marmoenua River, * 

The quartz-giits and overlying greensands can be seen at many places 
between Duntroon and Livingstone. At the latter place the grits are 
worked for gold, and are immediately' overlain by a bed of fossiiiferous 
greensand in which shark’s teeth are abundant. This in turn is followed 
by concretionary greyish sands full of fossils (McKay, 1882 b, \ p. 106). 
McKay, however, gave no list of fossils. 

On the right bank of the Maruwenua River, at a point about a mile 
south-west of Trig. Station S (Maruwenua Survey District), a calcareous 
concretionary band full of fossils occurs in quartzose micaceous ^eensands, 
not far above the basal quartz sands. Twenty feet above this band occurs 
a' sill of basalt, followed by another sill higher in the section, the two sills 
being separated by 20 ft. of greensands. The beds dip easterly at 10®. The 
calcareous concretionary band is full of fossils, but they are very difficult 
to extract. The late Mr. Henry Suter determined the following forms 
from a large quantity of material gathered by the writer. The work of 
identification was rendered difficult, as most of the fossils were casts. 
^Ancilla novae-zdandide (Sow.) *NtLCula strangei A. Ad. 

^Cajmlits australis (Lamk.) ’^Polji>nices amphialus (Wats.) 

Cardium waitakieme Sut. Sinum n. sp. 

Cardiwm n. sp. Surcula n. sp. 

Corbula humerosa Hutt. *Turritella carlottae Wats. 

CyUchnella enysi (Hutt.) enericardia difficilis (Desh.) 

Mangilia n. sp. 

Out of this small list four species are new. Mr, Suter has published 
the description of only one of these species — Sinum fornicatum Suter. 

, Some distance to the north-east a steep escarpment of the limestone 
occurs, the lower portion being glauconitic ; the dip is easterly, at 7®. 
A few fossils were obtained from the lower part of the limestone 
'Aetheia gaulteri (Morris) 

Epitonium lyratum (Zitt.) 

Terebratulina suessi (Hutt.) 

At four places in the road-cuttings in Blocks 2 and 3, Maruwenua 
Survey District, the writer found a hardened calcareous concretionary 
band lying above the limestone. The fossils were in the form of casts, 
but the position) of the beds above the limestone mdicafes that the Otiake 
beds are widely spread throughout this part of l!Le district. 

(6.) Station Peak, 

Although this locality is beyond the scope of the present paper, a 
br^ef reference should be made to it. On the Canterbury side of the 
Waitaki, opposite the mouth of the Otekaike River, there is ah outcrop 
of fossiiiferous Tertiary rocks lying near the base of a well-marked feult^ 
The beds dip 40® to the west. This Scarp, which bounds the 



block mountams of 8ou^ Canterbury, and close to tlie base of whicb 
Waitaki Biver is now Sowing, was diagnosed by Cotton on gepino]^b:o- 
logical evidence as a fault-scarp. The occurrence of these steeply dipping; 
Tertiary beds at the base of the scarp confirms Cotton’s view. .This 
isolated patch of Tertiaries evidently rests on the toe of the splinter 
described by Cotton (1917b, p. 432). The surface of this splinter is a 
'^ fossil plam,” and shows few signs of erosion. Although the Tertiary 
cocks that formerly covered it have been almost completely stripped, a 
small remnant has been preserved at Station Peak, close up to the fault- 
scarp at the back of the splinter. McKay collected fossils from these 
beds, and states that in this section the Hutchinson’s Quarry beds do not 
present their usual characters, and must be considered as merged in the 
Otekaike limestone” (1882a, p. 66). He further adds that ‘‘the lowest 
beds seen are limestones as pure as, though less fossiliferous than, the higher 
part. Upwards these beds pass into clay-marls resembling the fossiliferous 
Pareora beds.”* There is no doubt that McKay collected his fossils from 
the upper portions of the calcareous rocks at Station Peak, and that these 
fossiliferous rocks are underlain by a much less fossiliferous limestone. As 
has been shown above, the limestone at Otiake< and Otekaike is also 
capped by a development of very fossiliferous beds, and it has been pointed 
out that these beds are probably widely extended beneath the gravel 
deposits of the Maruwenua tableland. McKay’s collection from the beds 
at Station Peak were determined by the late Mr, Henry Suter. Of the 
thirty-one species specifically determined, nineteen occur in the Otiake beds 
at Otiake (Trig. Station Z). Of the remainder, ten species are common 
Awamoan fossils, Zt?na lima (L.) is Recent, and Ancilla subgradaJta (Tate) 
is apparently not found elsewhere. Further, ten of the species have never 
been found below the Hutchinsonian- Awamoan horizon of North Otago. 
These fossiliferous beds are almost certainly at the horizon of the ptiake 
beds (Hutchinsonian- Awamoan), lying above the main body of limestone 
of the Waitaki Valley. 

V. Stkuctubb of the Area. 

A fuller description of the structure will be given in a later paper after 
the area north-west of the Otiake River has been discussed. A fault 
(Wharekuri-Otekaike fault) is clearly defined by the outcrops of the basal 
quartz-grits, lying close to the base of the mountain-fiont, as shown on 
the map ; whilst another fault, trending north-easterly, runs north-west 
of the conspicuous ridge extending from Black Hill as far as Ben Lomond. 
The geological evidence for the latter fault is clearly indicated by the 
outcrop of tilted quartz-grits and limestone at intervals at the foot of th^ 
scarp, and by the occurrence of the same beds on the back slope of the 
tilted block to the south-east. The majority of the streams draining 

portion of the back slope flow in an easterly direction and are consequent 
on the deformation. These streams have stripped the Tertiary beds from 
the higher country in the vicinity of Ben Lomond, and the surface here 
exhibits the characteristic features of a rilted “ fossil plain.’* ToWatds 
the Maruwenua River the plain disappears beneath the Tertiary basal 
grits and overlying beds in the basin of the stream. Prom Black Hill to 
Black Point the structure of the Tertiary Rocks is synclinaii indicating that 
the great Kakanui tilted block (Cotton, 1917a, p. 279) has in this locality 
been warped or folded. The TOiarekuri--Otekaike fault forins the north- 
easterly boundary of the elevated ^ock known as the' Kurow Mountains. 
The soutii-easterly boundary bl^ is r w^-inarked na 
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^depression, which follows the line of the Black Hill -Ben Lomond fault as 
fer as Dansey’s Pass, near the watershed between the Kyebum Eiver and 
the Otiake and Maruwenua Rivers ; but there are indications that this 
relatively depressed area beyond Ben Lomond is complex in structure, 
and not due to simple di^erential elevation along a single faultdine. 
Beyond the pass occurs the re-entrant forming the north-east comer of the 
great Mardototo depression (Zoc. cit,^ p. 278). The Kurow block is bounded 
oh the south-v^est by a conspicuous fault-scarp, which rises abruptly from 
the fault-angle of the Hawkdun tilted block (loc. cit., p. 278). 

From the description given it will be seen that the tilted block is bounded 
on the north-west by a tectonic depression, which in the lower course of the 
Otekaike River is a graben, and towards Dansey’s Pass appears to' be a 
narrow somewhat complex fault-angle or synclinal depression. This depres- 
sion connects the Waitaki Valley tectonic depression with the Central Otago 
chain of tectonic depressions (loc. dti, p. 268). The Kurow mountain- 
chain is an uplifted elongated block, bounded by faults on the north-east 
and south-west, and separated from the Kakanui block by a narrow 
probably complex tectonic depression. To the north-west the crest of 
the range is remarkably even when viewed from the Waitaki Valley, and 
it slopes gently towards the north-west. The Waitaki Valley, north-west 
of the Otekaike River, is a graben ; south-east of this line the river flows . 
for some distance in a fault-angle depression, the depression being bounded 
on the Canterbury side by the splintered fault-scarp of the South Canter- 
bury block mountains. 

VI. Conclusion. 

The brachiopods listed above from the limestone at White Rocks all 
occur in the glauconitic base of the limestone at Maruwenua (Park, 1918, 
p. 83), with the exception -of Terebratella totaraensis Thomson, which is 
doubtfully identified. Murravia catinuliformis (Tate) occurs in the, lime- 
stone at the “ Earthquake,” in addition to the brachiopods collected by 
Park {loc. cit.) at Maruwenua. These brachiopods, with the exception 
Pachymagas huUoni Thomson, have not been found in rocks below the 
limestone in North Otago. Eight brachiopods 

Aetheia gavlteri (Morris) Pachymagas ellipticus Thomson 

Liothyrdla landonensis Thomson hnUoni Thomson 

Murravia catinuliformis (Tate) Rhizothyris rhizoida (Hutt.) 

^eothyris tapirina (Hutt.) Terehratulina suessi (Hutt.) 

can now be recorded from the body of the limestone in the Waitaki Valley. 
None of these fossils occurs in Park's so-called xUpp^ Hutchinsonian of 
the Oamaru coastal district. None of them exceft Rhizothyris rhizcMa 
(Hutt.) occurs in the “ Pachymagas parki ” band (Uttley, 1916, p. 20) of the 
coastal district, which Park would call Lower Hutchinsonian. The writer 
has foimd Pachymagas parki Aetheia gauUeri (Morris), Terehratulina 

suessi (Hutt.), and Rhizothyris rhizmda (Hutt.) in the greensands between 
the nodular top of the limestone and the '' parki band. Pachymagas 
elUpticus Thomson, Neothyris tapirina (Hutt.), JUothyrella landonensis Thom- 
son, and Murravia catinuliformis (Tate) have not been found by the writer 
above the limestone in the Landon Creek area. Of these, Neothyris 
tapirina (Hutt.) and Liothyrella landonensis Thomson are undotibted Oto- 
tsasi,n fossils, and never occur above the Ototaran in the typical Oamaru 
difidSct. The Hutchinsonian of the Oamaru district has as its highest 
member a hard glauconitic band crowded with Pachymagas parki (Hutt.)i 
and usually accompanied with Rhizothyris rhizoida (Hutt.)^ which Park calls 
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Lower Hutchinsoniaii (1918, p. 109). He would, however, place the lime- 
NStone in the present locality in the Upper Hutchin^nijan^ but the evidence 
is strongly" against it, as the brachiopods mentioned above occur below 
the band in the Oamaru district. The Otiake beds, which lie 

above the limestone, contain an AwamCan molluscan fauna, and in ^e 
absence of the typical brachiopod of the Hutohinsonian, Pachymagas pcfrki 
(Hutt.), it is a difficult matter to differentiate the Hutohinsonian horizon 
in the Waitaki Valley. McKay and Hutton both considered' the AwamToa 
beds to be part and parcel of the same series, a.nd this may be true when 
the molluscan fauna alone is taken into account, although the Awamoan 
beds are far- more fossiliferous than the Hutchinsonian. The Otiake beds 
at their base are lithologically similar to the Hutchinson Quarry beds, 
and all the evidence available tends to show that the Otiake beds are the 
equivalent of the Hutchinsonian- Awamoan horizon of the typical Oamaru 
district. The Otekaike limestone has been shown to be underlain by the 
basal rocks of the Tertiary series, and not by the “ subfifchistose ” rocks 
of McKay, and this fact invalidates the only evidence produced by McKay 
to prove an unconformity between the '"lower part of the Maruwenua 
limestone and the middle portion of that rock (his Otekaike limestone). 
It has been shown that McKay considered the Hutchinsonian (“PAorws 
beds ”) to lie above the limestone, and not below it as Park believes. The 
Waitaki ValFey in the present locality is a tectonic depression, beiug partjy 
a graben and partly a fault-angle depression. Extensive faulting has been 
proved by geological evidence. ^ 
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I. Introduction ^ 

The area described in this paper , covers a narrow strip of country on the 
right bank of the Waitaki Biver, extending from Wharekuri Creek to the 
Otiake River. The adjacent strip of country south of the Otiake River 
has already been described in another paper in this volume. Although 
the exposures of Tertiary rocks are few and widely distant, being obscured 
over the greater part of the area by heavy grayel deposits, the general 
sequence of the beds is Clear. McKay has dealt with the country in some 
detail, but various modifications of his interpretation of the succession 
are necessary. The writer’s thanks are due to Mr. P. G. Morgan, Director 
of the New Zealand Geological Su^ey, for permission to examine the lists 
of fossils collected by McKay, and determined by the late Mr. Henry Suter. 
An examination of these lists serves to emphasize the truth of the writer’s 
"contention (refer to, Thomson, 1915, p. 123) -that the molluscan fauna below 
Ae limestone is similar to that above the limestone. The upper beds, 
however, contain a much greater number of species. 

A full historical account of previous geological work in the Waitaki 
Valley has already been given in another paper in this volume (pp. 140-143), 
and only a brief critical summary of the views of other writers is necessary 
here. 

McKay’s opinion that there is an unconformity in the Tertiary rocks 
at Wharekuri, and that the coal occurs at the top of the sequence, is 
untenable. McKay was right in his view that an horizon of fossiliferous 
beds occurs above the limestone at Wharekuri, and that they are at /the 
Hutchinson Quarry horizon. These beds are the equivalent of the writer’s 
Otiake beds (Hutchinsonian-Awampan) at Otiake, Otekaike, and Duntroon. 
As the base of the limestone is not exposed at Wharekuri, Otiake, or 
Otekaike, McKay was right in not correlating the limestone exposed in 
t3ie^ places with the basal part of the Maruwenua limestone, but with 
a higher part of that rock. The “ Pareoran ” characteristics of the fauna 
belp^ the limestone at Wharekuri caused Park (1906, p. 627) td correlate 
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the greensands hehw the limestone in that locality with the Hutchinsonian- 
Awamoan horizon at Oamaru, instead of correlating the’ fossiliferons beds 
(Awe the limestone at Wharekuri with that horizon, as McKay had done 
(1882b, p. 103). A similar error was made by Hutton in Correlating the 
greensands below the limestone at Waihba with the Pareora (Awamoan) 
horizon. Park’s correlation letit support to his view that the Ototara 
limestone and the Waitaki. Valley Umestone were at difierent horizons. 
The latter in a later work (1918, p. 110) still maintained that the liV^arekuri 
greensands are Hutohinsonian in age, but the writer is in agreement with 
Marshall (1916, p. 386) that the greensands are pre-Ototaran, 

The geological evidence clearly shows that the Waitaki Valley is a 
tectonic depression of post-Awamoan age, as afi&rmed by Cotton on geo- 
morphological evidence, Jn opposition, to the view of Park (1906, p. 523) 
that the depression was in existence before the deposition of the Tertiary 
sediments. 

II. General Description of the* Area. 

From the vicinity of the Wharekuri-Otekaike fault, which bounds the 
present area on the south-west to within half a mile of the Waitaki River, 
prominent ridges and hills, possibly composed almost entirely of heavy 
gravels and silts, form prominent features of the landscape between the 
lower middle course of the Awahokomo Creek and the Kurow River. These 
gravel uplands are in many places 800 ft. above the Wait^i valley-plain. 
From the Kurow River to the Otiake River a gravel-covered tableland 
sloping gently towards the Waitaki River forms a rather strong contrast 
to the pyramidal hiljs and ridges just mentioned. Several prominent salients 
stand above the general surface of this evenly sloping plain, and, where 
their flanks have been cut into, fossiliferous beds are exposed. 

The south-western portion of the area is J)ounded by the steeply rising 
foothills of the Kurow Mountains. Within a short distance of the fault- 
line the country rises rapidly to a height of 3,000 ft., or over 2,000 ft. 
above the valley-plain of the Waitaki River. To the north-east the area 
is flanked by the block mountains of South Canterbury, reaching to heights 
of 3,000 ft. not far from the Waitaki River, which now flows close to the 
almost undissected front of these mountains. 

The average height of the Waitaki valley-plain is 650 ft. above sea-level. 
Kurow Hill (1,947 ft.), composed of Maitai sediments (greywacke), rises 
abruptly from the general level of the plain, and farther to the north-west 
the hill on which Trig. Station G is situated reaches a height of nearly 
1,300 ft., these two prominences being separated by the dllpression known 
as the Little Awakino Valley. 

The district is thus a relatively depressed area lying between the block 
mountains of North Otago and South Canterbury, drained by the Waitaki 
River, which is fed, from the Otago side, by a number of small streams 
flowing in a north-easterly direction from thfe Kurow Mountains. 

III. Geology of the Area. 

(1.) ^/\^rekuri Basin. 

On both banks of the Waitaki River, a mile below the point where 
the Wharekuri Creek joins the main stream, there is an exposure of 
glauconitic greensanYis extending for two miles down the riv^r. A list 
of fossils collected on the Canterbury side of the river has been published 
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by Marshall (1916, p. 382). The fbUowii^; forms were collected by the writer 
and determined by Mr. Suter. T 
Ampidlina suturalis (Hutt.) 

AnoiUa papillatfi (Tate) 

*Anofnia trigonopsis Hutt. 

Bathytoma mUxUa excavata Silt. 

Borsonia rudis (Hutt.) 

*Calyptraea maculata (Q. & G.) 

CMone meridionalis (Sow.) 

Corhukt humerosa Hutt. 

^Crassdtellites chesus (A. Ad.) 

' CuouUaea aUemuUa Hutt. 

DentaUum manteUi Zitt. 

solidum Hutt. 

'^Dosinid gteyi Zitt.^ 

Epitonium ^ratwm (Zitt.) 

Qlycymeris cordcUa (?) Hutt. 

^Limopsis aurita (Brocchi) 

In addition to the abqye, five new species have been described from the 
same locality by Mr. Suter. These are — 

Borsonia mitromorphoides Sut. i Niso neozelanica Sut. 

Epitonium gradUimum Sut. Vexillum ligatum Sut. 

*Euthria caUimorpha Sut. 

The greensands from which these fossils were collected are greyish^green 
in colour and very glauconitic, the glauconite occurring as foramin^eral 
casts. There is also a considerable quantity of microscopic, subangular, 
clear quartz. On the Canterbury side of the river these beds form a flat 
syncline, both limbs showing a dip of 3®, the aids of folding running 
north by east. Quartz-grits crop out on the bank of the river- dipping 
below the greensands, and farther to the north coal occurs associated 
with the quartz-grits in a shallow depression on the Canterbury side of 
the river, this depressiod being hemmed in by the steep fironts of elevated 
blocks. On the Otago ^ide of the river the greensands again prove fossil- 
iferous. The following species were collected on the right bank of the' 
river, near Trig. Station H : — 


nt species are mdica^ by an asterisk. 
LimopsiB ziUdi Iher. 
^MacroeMista^muUistruOa (Sow^f ' 
^MaUetia auMralis (Q. & G.) 
Miomelon corrugata (Hutt.) 
"^Ostrea tcdei Sut. 

PoUnice^ gihbosus (Hutt.) 

hutUmi Iher. * 

'^Psamrnobia lineolata Gray 
Sinum dnctum (Hutt.) 

Teredo heaphyi Zitt. 

Turritella andmlcusrum Sow. 

cadottae Wats. 

conocmb Hutt. 

♦ symmetrica Hutt. 

Venericardda pseutes Sut. 


Ampullina suturalis (Hutt.) 
"^Ancilla australis (Sow.) 

papillata (Tate.) 

*Anomia trigonopsis Hutt. 
Bathytoma sulcata excanata Sut. 
Chione meridionalis (Sow.) 
GomineUa exscidpta Sut. 

pulchra Sut. 

^Crassatellites dbesuB (A. Ad.) 
Cu4yullaea aUenuata Hutt. 

australis (Hutt.) 

*Cytherea (Monga (Haiiley) 
DentaUum manteUi Zitt. 

— — solidum Hutt. 

Epitonium graciUimum Sut. 

lyratum (Zitt.) 

"^Limopsis aurita (Brocchi) 

-- — zitteli Iher. 

*MacroodUista muUistriatd * (Sow.) 


j "^Malletia australis (Q. & G.) 
Miomelon corrugata (Hutt.) 
Nuoula sp. 

Panope orbita Hutt. 

Pecten chcUhamensis Hutt. 

huUoni (Park) 

yahliensis T.-Woods 

Bolinices gibbosus (Hutt.) 

huUoni Iher. 

"^Psammchia lineolata Gray 
Sinum elegans, Sut. 
*Siphonalia nodosa (Mart.) 
Teredo heaphyi Zitt. 

Turho a/pproximatus Sut. 
Turritella amhuktcrum Sow. 
*— — carlottae Wats. 

— — cavershamensis Harris 
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Out of the thirty-seven species of Mollusca enumerated above, ten are 
Recent, giving a percentage of 27. • , 

McKay’s collections Icom the “ Kdcenodon beds ” (Greol. Surv. loc. 
No. 476) and from ^e Wharekuri greensands (Geol. Surv. loe. No. 486) 
contain in all thirty-one definitely determined species. If McKay’s col- 
lections and the list given above -are combined' the percentage is stiU^7. 

Corals are abundant in the greensands at this locality. The genera 
represented are Flahellum and Troohocyathtbs, Aturia ziczac var. australis 
Hamilton and Kekenodon* onomala Hector were also obtained hei;4 by 
McELay and Hamilton. Pachyrmgas huitoni Thomson also occurred.* These 
greensands, which are similar to the greensands on the opposite side of the 
the river, contain in their lower portions small quartz pebbles, well rounded ; 
and occasional pieces of wood up to 18 in. in length, and completely car- 
bonized, also occur. The lower part of the beds is very concretionary, and 
the fossils are difficult to remove. The oxide of iron \^ch forUis the con- 
cretionary masses has been derived from the decomposition of the glauconite. 

At the Wharekuri Bridge greensands again crop out, but the fossils 
are not abundant. The foUowing forms were recognized 
Corhula canaliculata Hutt. Dentalium solidum Hutt. 

^CrasscUellites obesus (A. Ad.) "^Limopsis aurita (Brocchi) 


CucuUaea attenuata Hutt. 
Dentalium mantelU Zitt. 


Pecten huUoni (Park) 
Polinices huitoni Iher. 


Similar corals to those so abundant in the greensands on the banks of 
the Waitaki River also occur here. 

McKay (1882a, p. 73) always considered that the greensands (Cretaceo- 
Tertiary) near the . Wharekuri bridge lay unconformably below the 
“ KeJcenodon greensands ” on the banks of the Waitaki River, but he 
saw no unconformable junction between these two beds. Hutton (1885, 
pp. 563-64) and Park (1905, p. 523) have shown clearly that McKay’s 
unconformity had no .justification, and was merely a deduction in the 
light of a pre-conceived theory (Cretaceo-Tertiary theory). The writer is 
satisfied that the greensands form one series of jocks . lying immediately 
on the quartzose rocks of the coal series. As shown above, the greensands 
contain pebbles of quartz in their lower portions. 

The coal-rocks crop out at Wharekuri a short distance above the bridge, 
where they are lying in close contact with the greensands. The line of 
junction is vertical, and is undoubtedly a faulted one, as Hamilton (1904, 
p. 465) has shown. This vertical fault strikes N. 20° W. The coal-rocks 
dip 26° to the west — that is, towards the mountains — which a short dis- 
tance away rise abruptly from the bed of the creek. McKay considered 
that the quartz-grits and sandstones associated with the coal in this 
locality were of Pareora (Awamoan) age, but in other places^ in the area, 
as shown above, they dip beneath the greensands, and are undoubtedly at 
the base of the series. Beyond the coal-mine on the right bank of the 
creek the following section is exposed : — 



Flo. 2.--8ection, right bank of Whatekuri Creek. ’ (a), (e), (e), gravels aiid 
fBXkde ; (d), fine micaceous sandy bed; {b) and (/), gr^nish^grey clay. 


The beds dip TO® iii a: dixectioii N. 10? B- Beds (a)/ (^), and 
giavel dep^its^ composed ofj)ebbks up to size of a crictet4)ia3^ & 
mingled with i^ds. The pebbles consists of gEBjwBick% simd£^ne« 
and quartz, all well water-worn. Bed (e) contained a piece of lignitized 
wood. Beds (6) and (/) are light-colour^ greenish-grey imctuous oli^. 
Bed (d) is a fine micaceous sandy bed. On the opposite side of Whareki^ 
iCreek/not 20 yards away, a steep face of the Maitai rocks rises abmptly 
from the bed of the creek. Slickehsided surfaces were noted, and much 
crush-breccia ; and extensive faulting is everywhere indicated^ The steepl]^ 
dipping beds just described show no contact with the other Tertiary roofa 
in the area. 

McKay’s section (1882b, p, 101) certainly indicates the ordef in which ^ 
the various rocks crop out, as the Wharekim Creek is followed from its 
junction with the Waitaki River to the point past the coal-mine, where the 
tilted beds occur, except that the limestone does not Occur in the section 
exposed in the creek. The tilted beds just described were said by McKay 
to be of Upper Pareora (Awamoan) age, and to contain the coal deposits 
that are worked at Wharekuri. He observed no junction of these tilted 
beds, and the quartz, sandstone, and clays in which the coal-seam oc<kirs 
are separated from them by slope deposits and heavy river-gravels. The 
composition of the beds is also quite different from the b^s asiiociated 
with the coal at Wharekuri Coal-mine. Park (1905, p. 524) stated that 
there was no evidence to show that the coal-rocks lie at the top of the 
sequence. The tilted beds, however, may lie conformably at the top of 
the Tertiary series, although this cannot be definitely affirmed, as no 
junction was obseryed. ’ They have certainly been involved along with the 
Tertiaries in the tectonic movements of the district, the evidence for which 
is seen at many points in the Waitaki Valley. These tilted gravels appear 
to be widespread in the Upper Wait^ Valley and in the Waihao district, 
for McKay described another section in the former locality as follows : 

In this section [Quail Bum] the lowest beds seen are soft sandstones, 
divided into thick bands by beds of greenish greasy" clay. These beds dip 
north-west at an angle of 45®. ... At two or three places along the 

south-east slopes of these hills pieces of lignite have been found and . . . 

having, as I consider, proved that the Wharekuri coal-seam farther down 
the Waitaki occurs in beds of this age, there is more than a possibility of 
coal being found near the mouth of the Quail Bum.” No other geologist 
would agree with McKay in the inference drawn in the last part of this 
quotation, but the description of these gravel-beds indicates that they are 
similar to the tilted beds at Wharekuri. 

In the Waihao district the gravels are also often tilted, and Hector 
refers to these in the following words : “ With the Waitaki Valley as it now 
is these beds have no direct connection, since they abundantly show that 
movements of the land involving a considerable alteration of its surface 
configuration have taken place since their deposition ; the beds being 
frequently tilted at high angles, especially in districts distant from the 
coast-line ” (1882, p. xxv). These tilted gravels in the Wharekuri locality " 
are overlajn unconformably by the high-level terrace - gravels (McKay 
1882b, p. 102). 

(2,) Awahokomo Bctsin, 

McKay (1882a, p. 66) states that the Otekaike limestone at Wharelni^ 
‘*is traceable as "a continuous line for; three miles.” The exposure, how- 
ever, has nothing like the extent ascribed to it by McKay ; it crops oqt 
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on the foothills hanking the Awahokomo Greek on its northern bank. In 
its upper portion, which is almost inaccessible, as the cliffs are pfecipitous, 
two shell-bands were noticed, and, judging by talus strewing the slopes at 
the base of the cliff, they are glauconitic. The writer examined the lime- 
stone, and its main body appeared to be poorly fossiliferous. McKay ( 1882 a, 
p. 67) states that in the limestone fos^ shells are most abundant . . . 

covering the whole ground with shells in a more or less perfect state of 
preservation.** As he comments on the fact that the limestpne forms 
vertical cliffs not less than 60 ft. in height, it is possible that the fossils 
were collectedrfrom the slopes and had come from the shell-bands higher 
in the section. 

Suter determined seven forms said by McKay to have come from the 
Otekaike limestone, and five of these occur in the Otiake beds at Otiake, 
which lie above the main body of limestone, while the two remaining fossils 
are found in the Awamoan. McKay recognized the Hutchinson Quarry 
beds at Wharekuri, and he described them as “ loose dirty greensands full 
of shells, followed by grey sands, and they follow the Otekaike limestbne 
conformably.** In the list of fossils determined by Suter from^ these beds, 
ten occur in the Otiake beds at Otaikc, three occur in the Awamoan at 
Oamaru, and one has not been reported elsewhere. The following note 
was appended to the manuscript list of fossils, evidently written by one 
of the staff of the Geological Survey: “According to McKay’s MS., the 
beds collected from form the higher part of the ridge south of the coal- 
mine at Wharekuri.** This means that the collection came from beds 
lying immediately above the limestone, and these beds are undoubtedly at 
the same horizon as the fossiliferous beds that occur at the top of the 
section at Otiake, at Otekaike, and in bands at the top of the limestone 
near the Awahokomo Creek. Although only fourteen species were deter- 
mined by Suter, Hector stated that “altogether, about a hundred species 
were collected from this horizon in the Wharekuri section ** (1882, p. xxvii). 
McKay hiniself reported the following forms (nom, mut .) : — 

Gucullaea alta (?) Sow. i PoUnices huttoni Iher. 

Dentaliwm solidum Hutt. I *V enericardia diffidlis (Desh.) 

Limopsis zitteli Iher. . j Waldheimia triangulare Hutt. 

Pecten hochstetteri Zitt. ! 

The brachiopod is evidently Pachymagas hvUoni Thomson, and is said 
by McKay to be very abundant, as it always is at the horizon of the Otiake 
beds. At o*ne locality on the ridge extending from Wharekuri to the Awa- 
hokomo the writer found an outcrop of ferruginous micaceous quartz sands 
at a higher elevation than the limestone. McKay writes that “ in this 
locality the Otekaike limestone passes upwards into the Hutchinson Quarry 
greensands, which are here overlain by rusty quartzose gravels . . . not 

unlike the rocks met with at the base of the Cretaceo-Tertiary series . . . 

these quartzose gravels are followed by sandstones.’* The beds observed 
by the writer appear to be conformable to the limestone, as the dip was 
the same, but no junction was seen. It is in these beds that McKay 
thought the Wharekuri coal occurred, and he correlates them with the 
tilted beds there. The limestone of the ridge on the left bank of the 
Awahokomo dips 10° in a direction N. 30° W. towards the Kurow Mountains. 

The quartz-grits and sandstones at the base of the series crop out on 
both banks of the Awahokomo soqj^ of the limestone exposure, and 
farther up the stream the greensands are seen dipping 30° westerly towards 



the Maitai zooIiBi poimt st^ply. 

saiiydis the foUoiiniig {631^ : ^ 

Goiinda^ oanaUot4a^ Hutt. P^Ai^nic^ gib^ (Hutt.) 

CucuUaea sp. ^ Oaftw flp. 

^Limopsis awita (Bboochi)' "TurrikMd oave^ Harris 

iPonc^ df&Aa Hait. ‘ 1 ‘ 

'Corals similar to the geaera oolleoted on the south bank of l^e Waitaki 
River also oeoiur here. ^ 

Marshall (1915^ p. 381) obtained several species brom these greensands at 
an horizon l3ring 20.ft. above tiie quartz-gritsi This writer reco^iized the 
fault in this locality, and traced the fault-breccia towards Wharekuri, and 
there can be no doubt that this fault is a continuation of that described 
above at Wharekuri. 

(3.) Awakino Ba»m. 

Tracep of the quartz-grits are seen in many places in the basins of the 
Awahokomo and Little Awalidno Streams. In the basin of the latter, about 
a mile and a half from the main road, these rocks are exposed on the ri|^t 
and left banks, and to the south-west the eroded surface of the Maitai rocks 
rises from beneath them, and slopes gently upwards towards the crest of 
Kurow Hill. ^ The quartz-grits evidently formerly covered the whole of this 
“ fossil plain,” which has now been partially stripped qi its former covm. 
The plain forms the back slope of the? tilted block figured by Cotton (1917 b, 
p^ 432). This block will be referred to later as the Awal^o tilted block. 
Quartz-grits and greensands occur as mapped in several places in a south- 
westerly direction towards the Big Awakino River, and in many places close 
to the line of the Wharekuri-Otekaike fault,, where the Maitai rocks rise very 
abruptly. A mile west of the trigonometrical station on Kurow Hill there 
is a small coal-mine, which supplies an inferior t 3 rpe of coal. It is being 
worked at present close up to the face of a steeply rising greywacke scarp. 
The coal-rocks dip away from the scarp at 45® in a direction S. 28® W. 
The scarp, which is almost undissected in this locality, extends in a north- 
westerly direction, gradu*ally diminishing in height, and reaching the road- 
level about half a mile north-west of the point where the west branch of 
the Little Awakino crosses the road on the south-west side of Kurow Hill. 
The scarp is evidently a fault-scarp, determined by a fault of diminishing 
throw, which trends N. 60® W: to meet the main Wharekuri-Otekaike fault. 
The fault bounds the Awakino tilted block on the south-west. In the angle 
defined by these two faults the gravel deposits are of great thickness, but 
the basal quartz-^its and overlying greensands (McEay, 1862 b, p. 102) crop 
out occasionally. The Tertiaiy rocks have evidently been extensively eroded, 
and their remnants are buried by the gtavel deposits, which now form hills 
2,000 ft. in height (?oc. oU., p. 99)^ Cuttings show that the gravels are of at 
least two types — ^heavy mywacke and swdstone boulder deposits, and 
deposits composed of weU-roimded sandstone pebbles and sands. At one 
place on the road between the basin of the Little Awakino and the Big 
Awakino the soft imctuous bluish clay similar tpHiat described at Wharelnud' 
was observed in a cutting. McKay states that the latter (the so-called 
“ Pareora gravels ”) are highly tilted in the present locality, and he refers 
the coal deposits of the Neighbourhood to the horizon of these xodtm (1882 b, 
p, 102). The ^ay^ extend to the Kurow River, forming even-topped 
elongaW ridges wd pyramidal hills, which have been blocked tut by the 
action of the numerous intermittent >tr^ams that dra^ the atea. Across 
6— Trans. , ' ' * • ^ 
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this gravel-mass the Big Awakino flows, entrenched below the general surface 
of its former valley-plain, which in this portion of its course, over the area 
lying between the two faults referred to above, is about a qtiai^r of a mile 
wide. At the coal-mine the stream enters a narrow gorge, which it has 
cut through the Awakino tilted block on its way to join the Waitaki Kiver. 
The Big Awakino pursues a remarkably straight course from its source, 
near the crest-line of the Kurow Mountains, to its mouth, and this course 
is evidently consequent on the initial deformation ; but, as the movements 
were probably not simultaneous over the whole of northern Otago, the uplift 
of the Awakino block may have commenced later. The course of the Big 
Awakino across the Awakino block in a narrow gorge-like channel must 
be' considered as antecedent to the uplift of this block. Its lower course 
is therefore what Cotton (1917 a, p. 263) has termed “ anteconsequent.’’ 

(4.) Kurow River to Otiake River. 

On the left bank of the Kurow KiVer, four miles above its junction with 
the Waitaki Kiver, an outcrop of fossiliferous Tertiary rocks occurs. There 
is only a small exposure, extending along the bank for about 30 yards. The 
rocks dip at an angle of 46° towards the south-west, and the Maitai rocks 
rise steeply a short distance from these beds. The junction is again obscured 
by the gravel deposits, but it is undoubtedly a faulted one. The Tertiary 
exposure here consists of a hardened calcareous greensand containing 
Foraminifera, mainly in the form of glauconitic casts. Minute subangular 
grains of quartz also occur. The larger fossils are poorly preserved, and 
specific identifications could not be made. The following genera were 
found : CuculUiea, Malletia, Panope, Peeijen. This outcrop is on the line 
of the Wharekuri-Otekaike fault. 

The outcrops of Tertiary rocks are few and scattered between the Kurow 
River and the Otiake River. About three-quarters of a mile to the south- 
east of the last locality quartz-grits occur in places, and farther on there is 
a small exposure of a glauconitic calcareous rock. The only forms obtained 
were Dentalium solidum Hutt. and Limopsis avtrita (Brocchi) . Near the source 
of the most southerly tributary of .Malcolm’s Creek the quartz-grits again 
crop out, flanked to the south-west by the steeply rising foothills of the 
ranges. Traces of greyish-green glauconitic sandstones were found near 
Trig. Station N. In a cutting on the road that leads from Malcolm’s Creek 
to the basin of the Otiake River there is a small outcrop of calcareous 
rock, from which the following fossils were obtained 
Corbaia canaliculata Hutt. ^Malletia australis (Q. & G.) 

Cytherea chariessa Sut. Ntumla saggitata Sut. 

Dentatiufn solidum Hutt. Panope sp. 

^Limopsis aurita (Brocchi) Pecten huttohi (Park) 

Traces of brachiopods were also found. 

A mile from the railway-line the following section (fig. 3) is exposed on 
the right bank of the Otiake River ; — 



(6), glauconitic calcareous shell-bed; (c), calcareous sandy mudstone; 
(d), hardened calcareous glauconitic ; (e), calcareous sandy mudstone. 


, ^ ^ to'^Oiiake 

The limestone (a) becomes gkucbhitic in its upper 8 ft., ai^ is then: 
capped by (6), a glauconitic calcareous shell-bed 18 in. in thiclm^ss and 
crowed with fossik. The band is concretionary in places, and similar to 
the beds at the top of the Otiake beds at Trig. Station Z, which is a 
short distance from this exposure. From this band the following special 
were obtained : — . " 

AnciUa pa/piUata (Tate) 

Bathytoma sulcata excamta But. 

Gorbula canalicmlata Hutt. 

kadparaensis Sut. 

^CrassateUites ohesus (A. Ad.) 

CucuUaea a^^«<raZ^S'(Hutt.) 

Cytherea chariessa Sut. 

DerUalium mantelli Zitt. 

solidum Hutt. 

*DivariceUa cumingi (Ad. & Ang.' 

Lima colorata Hutt. 

Nticula saggitata Sut. 

The coral Balanophyllia hectori T.-Woods and Pachymagas huUoni 
Thomson were also identified. The overlying bed (c) is less glauconitic, 
but is capped by another glauconitic hardened bed (d), and above this the 
rock passes up into a poorly fossiliferous calcareous mudstone (e). From^ 
bed (c) were obtained many of the forms detailed above from bed (6). The 
following additional species occurred : — 

Corhula humerosa Hutt. | Leucosyrinx alia (Harris) 

Cucullaea attenuata Hutt. I ^Limopsis aurita (Brocchi). 

River-gravels and silts lie unconformably at the top of the section. 

These fossiliferous beds lie above a limestone, of which about 40 ft. is 
exposed, and are certainly the equivalent of the Otiake beds at Trig 
Station Z and at Otekaike School. The beds dip 8° in a direction N. 30® W. 
Greensands crop out, on the right bank of the stream about 12 chains 
farther up the river, dipping in such a way that they would pass beneath 
the limestone. They are similar to the greensands described at Whare- 
kuri, containing in places ferruginous nodules. Traces of lamellibranchs 
were seen, but none could be identified. The rock is calcareous, and the 
glauconite in it occurs as foraminiferal casts. Still farther up the stream, 
at the point where the road crosses the river, intensely dark greensands 
crop out. These ^eensands are threaded with ferruginous veins. Farther 
up^/the stream the 'quartz-grits occur dipping towards the higher beds. 

IV. General Succession and Palaeontological Notes. 

The Tertiary rocks in the Waitaki Valley form a conformable sequence. 
The general succession is similar to that in the Waihao district of South 
Canterbury. , Quartz-grits, often containing coal, are followed by micaceous 
quartzose greensands with interbedded concretionary bands, usually fossil- 
iferous I these are followed by calcareous glauconitic greensands (containing 
a little microscopic quartz and mica), which are often fossiliferous. In 
the basin of the Maruwenua River and at Black Point a few fossils have 
been determined, and these undoubtedly represent an horizon near the 
base ot the greensands — Park's Bortonian. The looser glauconitic green- 
sands lying above the Bortonian have not proved fossiliferous in the 

-e* ^ - 


Pecten heethami Hutt. 

- — ^ chqthamensis Hutt. 

- — ^ hvUoni (Park) 
Plamnanomia indmra Hutt. 
Polinices huttoni Iher. 
Siphonalia turrita Sut. 
*Tellina glabreUa Desh. 

Teredo heaphyi Zitt. 
Turritella amhulaorum Sow. 
^ — cavershamemis Harris 

semiconcava Sut. 

Venericardia pseutes Sut. 
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Dulltroo^ or Kuxow districts, except at Wharekuri, where the fo^ails are 
abundant. No junction hsifi been obseiwed between the greensands and 
the underlying Ngaparan coal-rocks except at Black Point. There appears 
to be a very gradual transition from the quartz conglomerates and fine 
micaceous quartz sands into the overlying greensands, the glauconite of 
the latter becoming very abundant, and the quartz and mica gradually 
diminishing. In the Maruwenua cliffs near Duntroon the limestone over- 
lying the greensands is very glauconitic, and at White Rocks and the 
“ Earthquake ” this glauconitic lower portion of the limestone increases 
greatly in thickness. In the Landon Creek area also this glauconitic 
portion of the limestone shows a thickness of 50 ft. below the Hutchinsonian 
horizon (refer to Park, 1918, p. 46). It is noticeable that where the lime*- 
stpne is yery glauconitic the brachiopods are abundant. From the glauconitic 
portion of the limestone near Duntroon, as well as from a higher horizon 
in the limestone at White Rocks and the “Earthquake” in. the Waitaki 
Valley, a brachiopod fauna similar to that occurring in the glauconitic 
portions of the limestone at Landon Creek, in the Oamani' district, has 
been found ; and the evidence available strongly favours the view that 
both rocks are Ototaran. There is no evidence to show that the lime- 
stone of the Waitaki Valley is Hutchinsonian, The base of the Otekaike 
limestone at Wharekuri, Otiake, and Otekaike is not seen in any of the 
sections exposed. It is probable that if the base of the limestone were not 
hidden by the gravel deposits we should find the same brachiopod fauna 
that characterizes the base of the limestone at Maruwenua. The fossil- 
iferous beds overlying the limestone at Wharekuri, at Otiake, at Otekaike, 
at Duntroon, and at Station Peak are at the same horizon, and represent 
the Hutchinsonian-Awamoan horizon of the Oamaru district. These rocks 
pass up into poorly fossiliferous calcareous mudstones. 

In the Oamaru district the Ngaparan rocks are overlain by fossiliferous 
glauconitic calcareous greensands, which in turn are overlain by the 
Waiarekan tuffs, followed by interbedded tachylite tuffs and diatomaceous 
deposits, which are overlain by the Ototaran limestone, followed by the 
'Hutchinsonian and Awamoan beds. In the Papakaio district the succession 
is similar, although the Awamoan beds have been denuded, except at 
Pukeuri, where all observers agree that they follow the Hutchinsonian. 
In the Waitaki Valley the succession is not complicated by the presence 
of volcanic rocks, nor are there diatomaceous beds ; but all the evidence 
available goes to prove that the greensands belpw the limestone are of 
Waiarekan age, and that the limestone is Ototaran. The beds above the 
limestone contain a distinctly Awamoan fauna, and, as both Hutton and 
McKay believed that the Hutchinsonian and AWamoan , were part and 
parcel of the same series (and the evidence of the molluscan fauna in the 
Oamaru district supports this view), these fossilifeyoius beds (Otiake beds) 
have been classed as Hutchinsonian-Awamoan. In the Oamaru district, 
however, the occurrence of a brachiopod fauna fully justifies the separation 
of the post-Ototaran rocks into two stages. 

The greensands between the Ngaparan coal-rooks and the limestone 
in North Otago and South Canterbury will probably admit of subdivision 
in the future. The fossils have hitherto been “lumped/’ but, Jud^g 
firom McKay’s report on the Waihao district, several lithological divisions 
can be recognized; and, as the, rocks are very fossiliferous, careful col- 
fecting and accurate d^rminations of fossils from each horizon would 
probably enable a subdivision of the Waiarekan to be made, as ^as bOen 



done by Fai^k m ^ work (1918, pv 26). Many of ikj^ ispe^es oon^ 
tained in tkese lower greensands occur also in t<he Awamoai^ bufe ike 
latter horizon contains a mock greater varie^ of species, ani^ a ^ jarga 
number of these appear to be restricted to this horizon. In the Okxnarh 
district the brachiopods have proved serviceable in differentiatmg sevOnd 
horizons, but some of these brachiopods are apparently re>5tricted to this 
area, and detailed correlation with beds in^he Wailalti Valley is^not yet 
possible. This braehiopod fauna has been discussed in anotW paper in 
this volume (pp. 152-63). Corals, Echinoderms, and Foraminifera occur 
abundantly in the Oahiaruian of North Otago, but our knowledge of 
them is very incomplete, and useless for detailed stratigraphical work* 
A revision of all these groups is urgently needed. 

Of the ninety-four species of Mollusca determined .from the bods above 
the limestone in the Waitaki Valley (Otiake beds), seventy-three species 
occur in the typical Awamoan at Oamaru, foiir occur in the Hutchinsonian 
(of Thomson), twelve forms have apparently not been recorded elsewhere 
in North Otago; whilst only five species have not been previously recorded 
from post-Ototaran beds. Five of these not recorded elsewhere are new 
species, seventy-nine species have now been listed from the greensands 
below the limestone in the Waitaki Valley, and fifty-six of these occur in 
the Awamoan beds at Oamaru. Nearly three hundred species' have been 
recorded from the Awamoan beds at Oamaru ; but in the case of the beds 
of the Waitaki Valley the collections are few, and previously unrecorded 
species are continually turning up. The figures quoted above, in the 
absence of fairly exhaustive collections, do not give much ground for 
definite conclusions, but they do show that the Otiake beds contain a 
molluscan fauna of which 78 per cent, occurs in the typical Awanioan 
beds of Oamaru. The fauna of the greensands below the limestone con- 
tains 70 per cent, of the fossils recorded from the Awamoan at Oamaru, 
showing that in the Waitaki Valley the fauna above and below the 
limestone has a strong resemblance to the typical Awamoan fauna (Hutton’s 
Pareora). • 

V. Physiography of the Area. 

(1.) Kurow Block, 

From what has already been said it will be evident that Cotton’s 
statement (1917a, p. 286) that the Waitaki River “follows a complex 
graben along the northern block-complex . . . which forms the 

northern highland of Otago ” is amply justified by the geological evidence. 
This graben is bounded on the south- w^t by the elevated block called 
the Kurow - Mount Mary Range (Kuro^?' block) ; on the north-east it is 
flanked by the block mountams of South Canterbury; on the south-east 
by a portion of the Kakanui block (loc. cU,^ p, 272). Towards the north- 
west the fault on the Canterbury side of the river and the Wharekuri- 
Otekaike fault approach each other, and probably coalesce farther up the, 
Waitaki Valley ; but this area lies beyond the scope of the present paper. 

The Kurow - Mount Mary Range is an elevated tilted block of protmbly 
complex structure ; it is elongat^ in a north-westerly direction. It is 
bounded tov^ards the west by a conspicuous fsujt-scarp (Zoc. cii,, p^ 278), 
and its rather steeply dipping back slope descends towards the Waiti^ 
River, and is then intersecteMi by the Wharekuri--Otekaike fault. A line 
of dislocation runs from the Otekaike River to .Dansey a Pass to meet the 
great re-entrant occupied by part of the Maniototo depression (loc, cif., 
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p. 278). It has been shown in a former paper that a well-marked fault 
occurs on the right bank of the Otekaike River, and it probably extends 
in a south-westerly direction for. some distance. The district maps show 
a marked depression beyond Ben Lomond, and it is probable that sharp 
folding or fasting has token place on the same line. The back slope of 
.the Kurow block is not simple, and signs of warping are not wanting ; the 
general i^lope, however, is north-westerly, and the majority of the streams 
are consequent. As already pointed out, the Big Awakmo in the lower 
part of its course is anteconsequent. 

tjii 

(2.) Awakino omd Trig. G Blocks, 

Kurow Hill is a tilted block, as shown by Cotton (1917b, p. 432), and, 
as the Big Awakino and the Little Awakino flow across it, it has been called 
the AwaMno block. The geological evidence for the boundary faults has 
been already presented. It has been shown that the coal-rocks crop out 
on the south-west side fef the block, near the base of a steep fault-scarp 
almost entirely undissected, and traceable for a distance of four miles. 
This north-westerly-trending fault meets the main Wharekuri-Otekaike 
fault in the basin of the Little Awakino Creek, where the scarp dies out 
and the stripped surface of the Awakino block is seen to dip below the 
Tertiary rocks. In the basin of the Little Awakino, about a mile from 
the main road, quartz-grits are exposed on both sides of the creek, con- 
cealing the erosion-surface of the Awakino block, which has, been stripped 
of its covering strata towards the south-east in the higher parts of Kurow 
Hill. These grits on the left bank of the creek crop out near the base of 
a prominent scarp which rises 200 ft. or 300 ft. above the quartz-grits, the 
attitude of the rocks clearly indicating faulting. From the top of the scarp 
the surface slopes towards the north, and the quartz-grits crop out in 
several places, but the surface has been almost completely stripped. The 
back slope of this small tilted block, on which the Trig. Station 6 is 
situated, descends towards the Waitoki River, where the Tertiary rocks 
are exposed on both banks. The fault-scarp of this block diminishes in 
height as the Little Awakiiio Creek is ascended, and the fault dies out 
towards the west, the erosion-surfaces of the Awakino block and this small 
one evidently coalescing, and dipping beneath the Tertiary rocks in the 
Awahokomo basin. These two blocks are flanked on the east by the 
Waitaki River, which in this part of its course flows close to the steep scarp 
of the more elevated Canterbury mountains. The valley-plain of the Wai- 
taki River from near Trig. Station 6 to Kurow is narrow and rock-bound, 
and the stream is now flowing close to the main fault-line on the southern 
side of these mountains. 

VI. Tjhe Gravels (excluding Recent Deposits). 

The terraces and gravels of tHe Waitaki Valley are well worthy of, 
a detailed study, but good topographical maps are a prime necessity. 
Some remarks, however, should be made on the gravel deposits. McKay 
clearly recognized that the gravels were not all of the same origin. His 
descriptions are somewhat difficult to follow. He distinguishes three 
tjrpes of these deposits — (1) angular gravels, (2) well-rounded coarse gravels, 
(3) gravels and sands with lignite deposits. He notes that‘(l) and (2) coh- 
twn fossiliferous Triassic and Permian boulders, and that (3) are often highly 
tilted. These three types can undoubtedly be recognized, but it will be 
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a difficult i^atter to ttace their bouudaries, and this has not beeii 
in the present paper. , The angular gravels are ascribed by HoK^y % the 
action of glaciers—that is, they are glacier-deposits that owe thseiir ^gii^ 
to former glaciers from the neighbouring Kurow and Hahataramea Mbtis- 
tains. Not having discovered these Triassic and Permian fossiliferous rocks 
in the Kurow Mountains, McKay concluded that glaciers brou^t them 
from the Canterbury mountains which were known to contain these older 
fossiliferous rocks. There is, however, a total absence of the character- 
istics of glacial deposits, glacial striations being quite lacking. It is true 
that large masses of rock and fine silts and clays are mixed confusedly 
together in the deposits near Wharekuri. Marshall explained these angular 
deposits differently, and (1915, p. 381) stated that the Maitai rocks in the 
neighbourhood of the fault (Wharekuri-Otekaike fault) have .been much 
shattered ; that weathering has developed their shattered nature, and 
they break down into “ a clayey material which still contains angular 
fragments of^ rock.” Park (1904, p. 448) traced the fossiliferous boulders 
to their source near the summit of Mount Mary. The rocks were found 
in situ at a height of 5,160 ft., at a point distant about three miles and 
a half from the Wharekuri-Otekaike fault-line. These deposits which 
occur close to this line were probably derived from the dissection of the 
fault-scarp as it rose, for deep aggradation would tkke place as the deform- 
ation proceeded. The sloping surface of the tilted block, to the Vest of 
the fault-line, would also undergo degradation by the numerous consequent 
streams, and the waste would be spread out on the floor of the depression, 
forming an alluvial gravel-plain. This plain appears to have been built 
up after the reduction of the valley lowland to somewhat low relief. The 
extensive aggradation would therefore imply a great increase in the supply 
of waste due to the increasing differential elevation. As the streams 
that deposited these gravels are now well entrenched, regional uplift has 
probably been the most recent movement. McKay believed that the 
tilted sandstone gravels at Wharekuri lay conformably above the' higher 
fossiliferous beds. They may do so, but the writer was unable to satisfy 
himself on that point. Theie is no doubt, however, that they have been 
involved in the differential movements, and may possibly represent the 
period of emergence of the land. 

VII. Summary and Conclusion. 

(1.) The Maruwenua limestone is overlain directly by the Otiake beds 
(Hutchinsonian-Awamoan). ^ 

(2.) McKay's unconformity between the lower and upper parts of the 
limestone is non-existent, and all other observers agree that the rock is a 
unit. 

(3.) McKay correlated the base of the limestone with the Ototaran 
limestone ; the upper part (his Otekaike limestone) must therefore be 
Upper Ototaran, and the overlying beds (McKay's Hutchinson’s Quarry 
beds) are the equivalent of the Hutchinsonian-Awamoan of the coastal 
district. 

(4.) The upper part of the limestone at Landon Creek contains a number 
of brachiopods that are similar to the brachiopods from the lower portions 
of the Maruwenua limestone (so-called Waitaki stone). Some of these 
brachiopods do not rise above the Ototaran of the typical Oamaru district. 
The evidence points to the limestone of the Waitaki Valley being Ototaran. 
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(5.) The greensands at Wharekuri probably represent a slightly higher 
horizon than the Bortonian of Park, and from the evidence at present 
available they are probably the equivalents of the Waiarekan tuffa, yet 
the latter are practically unfossiliferous. 

(6.) Volcanic rocks, as shown ^in a previous paper (Trans, iV'.Z. 
vol, 50, pp. 106-17, 1918), occur in the Maruwenua district : they ipay be 
either lava-flowp or sills — ^the evidence in the small exposure observed was 
neutral. These volcanic rocks, however, extend towards Tokarahi, and 
are interbedded with the greensands. If they are Waiarekan it would fix 
the age of the greensands overlying Park’s Bortonian. 

(7.) The Tertiary rocks of the Waitaki Valley above Duntroon occupy 
a tectonic' depression. McKay has recorded Tertiary rocks from the Haka- 
taramea Valley, which is also undoubtedly a tectonic depression. As 
post-Awamoan gravels have been involved in the difierential movements 
in many localities in the Waitaki and Waihao Valleys, these “ fiord-like 
depressions ” manifestly did not exist in Tertiary or pre-Tertiary times, 
and the evidence to be gathered in north-east Otago points to the con- 
clusion that the Tertiary rooks once formed a continuous cover on the 
denuded surface of the pre-Notocene oldermass. The mountain-building 
period of central and north-east Otago was post-Awamoan. 
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VI, Summary and Conclusion. 

I. Introduction, 

In Bulletin No. 20 (New Series) of the Geological Survey Branch of the 
Mines Department Professor Park has described the geology of the Oaiparu 
district of North Otago. The present writer has examined this area in 
some detail, and his observations have been recorded in several papers 
read before this society. In several important matters he finds him- 
self at variance with Professor Park, and some notes on the latteria 
recent work are given in the following pages. The paper deals with the 
“ twodimestone ” theory of Professor Park, with his classification of the 
fossiliferous tufaceous beds, and with his subdivision and correlation of 
the beds of north-eastern Otago. The evidence on which the present 
writer’s conclusions are based has* been detailed in former papers. 

Park first formulated his “ two-limestone ” theory in an attempt to 
reconcile the differences of opinion that had long eidsted between Captain 
Hutton and other geologists as to the portion of the so-called “ Pareora 
fauna ” The present writer (1916, p. 25) showed that the “ twor 
1 mestone ” theory was not tenable in the Oamaru coastal district, and 
that the Awamoan (Pareora) beds lie above the limestone and Hutchinson 
Quarry beds. In Bulletin No. 20 Park has accepted this interpretation 
in part, for he places the Awamoan (Pareora) beds at the top of the series ; 
but the so-called Waitaki stone is now placed in the Upper Hutchinsonian, 
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immediately below the Awatnoan beds. The classifications adopted by 
Park (1905, p. 492) and later in Bulletin No. 20 indicate the change in his 
views. ♦ 

1906 . - 1918 . 

Waitaki stone . . . , 

Awamoan . . Awamoan beds . . . . Awamoan beds. 

Hutchinsonian . . Hutchinson Quarry beds . . (a.) Upper Hutchinsonian = Waitaki 

stone. 

^ (6.) Lower Hutchinsonian. 

Ototaran . . Ototara limestone . , . Ototara limestone. 

It will be seen that the Hutchinson Quarry beds (Hutchinsonian) have 
been subdivided, the Lower Hutchinsonian being the well-known Hutchinson 
Quarry greensands, which are said to lie beneath the so-called Waitaki stone 
(Upper Hutchinsonian). 

That Park’s latest view has not gained general acceptance is clearly 
indicated by the following quotation from the letter of transmittal to the 
Minister of Mines which prefaces Bulletin No. 20. Mr. P. 6. Morgan, 
Director of the Geological Survey, writes : “ Although quite agreeing with 
most of the conclusions reached, I cannot follow Professor Park in all 
respects, more particularly in his views regarding the relative ages of the 
Oamaru and Waitaki stones.” The present writer has also found con- 
siderable difficulty in following Professor Park in his arguments for 
the differentiation of two-limestone horizons. In discussing the “ two- 
limestone ” theory, as formulated in Bulletin No. 20, it will be contended 
(1) that Park’s Upper Hutchinsonian in the area between Kakanui and 
Target Gully, Oamaru, is really the base of the Awamoan ; (2) that his 
Upper HutQhinsonian of the Landon Creek area is the equivalent of his 
Lower Hutchinsonian in the district between Kakanui and Target Gully ; 
(3) that no evidence is brought forward to show that the Upper Hutchin- 
sonian is present in the Flume Creek area ; (4) that the correlation of the 
rocks called “ Upper Hutchinsonian ” in the Oamaru and Papakaio districts 
with the limestone of the Waitaki Valley (Waitaki stone) is not justified 
by the evidence brought forward in Bulletin No. 20. The discussion on 
the Bortonian and Upper Waiarekan of Park aims at showing that lists 
of fossils ascribed to these stages must be considerably reduced, as the 
horizons are very doubtful. Eeferences to Bulletin No. 20 will be made 
by quoting merely the pages of that publication.^ 

II. The “ Two-limestone ” Theory. 

1 

Park’s “two-limestone” theory, as stated above, was an attempt to 
solve the problem of the “ Pareora fauna.” This problem first presented 
itself to the New Zealand geologists when Haast submitted four collections 
of fossils from different localities to Hutton (1887, p. 430) for identification. 
The latter referred all the shells to the Pareora (Awamoan) horizon above 
the limestone. Haast himself was convinced that one of the collections 
had been obtained from beds which lay below the limestone. Other 
collections of fossils examined by Hutton were determined by him as 
“ Pareora,” and in all cases he referred the beds to an horizon above the 
limestone. Haast and the officers of the old Geological Survey agreed 
with Hutton that some of his “ Pareora ” faunas came from above the 
limestone, but the field evidence convinced them that other collections 
of fossils determined by Hutton as “ Pareora ” came from below the lime- 
stone. Park (1905, p. 491) clearly recognized the difficulties, and attempted 



^ solution' by his theory that there were two Hmestone hoii^ng, separated 
by the Hutcmnson Quarry and Awamoah^beds (Pareora) ; in olher 
words, that there was but one “ Pareora) fauna,” lying between twb lime^ 
stones, the lower being called the Ot6taran stone and the upper the 
Waitaki stone. 

The present writer (refer to Thomson, 1916, p. 126), after an e^ccumc^ 
to the Waihao district of South Canterbury, was convinced that, where, 
the full series was developed, there was but one limestone present. Ah 
examination of the fauna beneath the limestone showed that it bore ‘a 
remarkable resemblance to the fauna above the limestone in the Waihao 
district, where the beds occur in the same section. This view Was sup* 
ported by Thomson (1915, p. 123), who subsequently visited the Waihap 
district. Park, however (1905, p. 610), had given a section at Eakanui 
in which his two limestones were shown separated by the fossiliferous beds.. 
The preset writer (1916, pp. 22-25) sought to prove that this section had 
been misinterpreted, and that only one limestone was present, with the 
fossiliferous beds l)ring above it. Park in his latest work has evidently 
accepted this interpretation of the section, for the Awamoan beds are now^ 
placed at the top of the sequence in the Oamaru and ELakanui districts. 
As pointed out above, however, he still maintains that the limestone of the 
Waitaki Valley is distinct from the limestone of the Oamaru district. 

III. Description of the Hutchinsonian and Awamoan Stages as 

INTERPRETED BY PaRK. 

Before discussing the sections described in Bulletin No. 20 it will be 
necessary to form a clear conception of Park’s various subdivisions of the 
beds above the Ototaran. Correlation of beds is possible on palaeonto- 
logical or lithological evidence, or by direct stratigraphical connection, 
and it seems to the writer that Park has relied mainly on the lithological 
evidence in establishing his Upper Hutchinsonian horizon. The following 
quotations will indicate his conception of the post-Ototaran beds. 

(1.) Awamoan Beds. 

“ The Awamoan strata consist of blue or bluish-green marine sandy 
^ clays that in some places pass into bluish-green sea-muds, in other places 
into very soft sandstones. In most places they are interbedded at diistant 
intervals with hard calcareous bands that are sometimes sandy, in others 
argillaceous and crowded with shells. In some places the hard bai^ds 
are replaced by calcareous nodular concretionary masses and flaggy lenses, 
occurring in more or less well-defined horizons 

It will be shown that these hard calcareous bands in the Awamoan are 
referred by Park to the Upper Hutchinsonian in the Target Gully locality. 

(2.) Hutchinsonian Beds. 

The Hutchinsonian is subdivided lithologically, in descending order, 
into — (a) Glauconitic sandstone (Upper Hutchinsonian) ; (6) Glauconitic 
greensands (Lower Hutchinsonian); (c) Conglomerate, mainly basaltic. 

The glauconitic sandstone (a) is said to represent the Waitaki stone of 
Upper Hutchinsonian age. He describes this horizon as follows : The 
glauconitic sandstone foUows the greensands conformably ... it con* 
sists of soft glauconitic sandsti)ne interbedded with hard yellowish - brown 
sandstone bands . . . it is > compact yellowish-brown calcareous 
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glauconitic sandstone.” The glauconitic greensands (Lower Hutchinsotiian) 
are described in the following extracts: The glauconitic sandy beds 
at All Day Bay, Kakanui, Hutchinson’s Quarry, and Grant’s Creek are 
loose and incoherent, but at the upper end of Target Gully, at Landon 
Creek, and in the Waitaki area they form fairly compact glauconitic 
sandstones ” (p. 78). Further, it is stated that “ the fauna of this 
horizon [Lower Hutchinsonian] is distinguished by the abundance of 
the brachiopod Pi^chymagas parki (Hutt.), by the presence of the corals 
Isis daclyla Ten.- Woods and Mopsea hamiltoni (Thomsbn), and of the 
cup-shaped bryozoan Cdleporaria nummularia Busk. Besides these there 
occur many pectens and other molluscs. Pachymagas parki (Hutt.) is 
present almost everywhere, but the other fossils mentioned may be abundant 
at one place and absent at another” (p. 78). “ Pc^hymagas parki (Hutt.) 

occurs in great abundance in the Lower Hutchinsonian, usually to the 
exclusion of all other brachiopods except Rhizothyris rhizoida (Hutt.), 
which is nearly always present with it” (p. 109). “The Lower Hutchin- 
sonian is the most distinctive and persistent horizon of the Oamaruian 
system ; it always overlies the Oamaru stone. In the Oamaru area it 
consists of calcareous glauconitic greensands that at Landon Creek and the 
lower Waitaki Valley are partly or wholly replaced by calcareous glau- 
conitic, sandstone. But whether greensands or glaucbnitic sandstone, the 
characteristic brachiopod Pachymagas parki (Hutt.) and the peculiar 
corals Isis dactyla Ten.-Woods and Mopsea hamiltoni (Thomson) are 
always present. The Waitaki stone is underlain by the greensands ” 

(p. 110). 

It will be shown that these sandstone bands in the Landon Creek area 
are referred to the Upper Hutchinsonian, although from Park’s description 
of the characteristic fossils they should belong to his Lower Hutchinsonian 
(Hutchinsonian of Thomson). 

As pointed out by the present writer (1916, pp. 20-21), the fossil 
Pachymagas parki (Hutt.) occurs in abundance in a well-defined band of 
hard glauconitic sandstone. In the present paper this band is called the 
“ parki ” band. It is of ter accompanied by Rhizothyris rhizoida (Hutt.), 
to the exclusion of all other brachiopods. This hardened band is underlain 
in many places in the district by looser greensands, also glauconitic, but 
characterized also by a constant assemblage of fossils — Aetheia gauUeri 
(Morris),' Terebratulina suessi (Hutt.), Isis dactyla Ten.-Woods, and Mopsea 
hamiltoni (Thomson)^ which are all very abundant. This bed usually con- 
tains many specimens of Pachymagas parki (Hutt.), but in these looser 
greensands the individuals of this species are on the average distinctly 
smaller than in the upper “ parki ” band, and their external characters 
are far more ^nstant. In the hardened upper band, where it is usually 
accompanied oy Rhizothyris rhizoida (Hutt.), the specimens assigned to 
the “ parki species are extremely variable in external shape. As 
pointed out by Park in the extracts quot^ above, this greensand horizon 
is a most distinctive one ; it is the typical Hutchinsonian of the Oamaru 
system, and always lies above a nodular band (Park’s conglomerate). Park, 
however, would term these ''Isis” greefisands, and the "parki” green- 
sands Lower Hutchinsonian ; and states that they are separated from 
the Awamoan by the Upper Hutchinsonian (Waitaki stone). The writer 
contends that the " Isis greensands and the overlying "parki” green- 
sands constitute the Hutchinsonian, and are followed directly by the 
Awamoan beds. 



In the ioti^itiefl discuse^ below m attempt is mi4e te sb<i^ 
the Awampan beds are present, as in the Oamaru area, the hard t^catep^^ 
bands at their base are called Upper Hutchinsonian i where the 
beds are not present, as at Landon Creek (west brahct), the ‘‘ faiaej^^pozp-^ 
pact glaucoiiitic sandstone *’ (the “ parki^' band) is called Upper Hntphih*^ 
sonian; where the ‘‘ par*t ’’ band is absent, as in Landon\ Cfc^; 
(Papakaio district), the upper glaucpnitiG portion of the limestone is cidled 
Upper Hutchinsonian (p. 64). the various localities in which the post* 
Ototaran beds occi^r wiU now be discussed. 

IV. Hutchinsonian and Awamoan Localities. 

(1.) AU Day Bay (p. 56). r 

The section in this locality has bfeen described by the writer (1916,; p. 20), 
and by Park in Bulletin No. 20. Both agree that the “ darker ai^d tougher 
greensands” (the “parAi” band) are followed directly by the .Awamoan 
beds. The section in this localily is most important, as'it illustrates the 
typical character of the beds above the limestone. Here we have in one 
section, as shown by Park, the limestone much hardened towards its upper 
surface, which is corroded (nodular). This surface is immediately followed 
by the “ Isis ” greensands, capped by the hard “ parki ” band, which is 
directly overlain by the Awamoan beds. In this locality there is no Upper 
Hutchinsonian horizon, and Park’s so-called Lower Hutchinsonian is con- 
formably overlain by the Awamoan, which contains hard sandstone layers.” 
Park does not recognize an Upper Hutchinsonian in this locality. 

(2.) Deborah (p. 69). 

In this section the highest bed exposed is the “ pcvt^i ” band, which is 
underlain by “6 ft. of greensands [which] contain many molluscs and 
brachiopods.” The brachiopods present in these underlying greeensands 
are TerebratuUna suessi (Hutt.) and Aetheia gauUeri (Morris), which are 
again accompanied by the same species of Isis and Mopsea. At the base 
of these greensands lies the nodular surface of the hazd limestone which 
closed the Ototaran at All Day Bay. No Upper Hutchinsonian is present 
at Deborah. 

(3.) Coast North of Kakanui Quarry (p. 70). 

In this section Park shows the sequence of beds closed by a “ hard semi- 
crystalline limestone.” The present writer has figured the complete section 
along the coast (1916, p. 23, fig. 2), The beds form a syncline, and to the 
north-east this hard limestone is nodular at the surface, and followed by 
the “ Isis ” greensands, but the hard “ parki ” band has been denuded. 
The sequence is exactly similar to that at All Day Bay and Deborah. 
The surface of the hard limestone is nodular, and pieces of rolled volcanic 
rock occur at the base of the “ Jw ” beds and represent Park’s con- 
glomerate at the base of the Hutchinsonian, In this coastal section th^ 
Upper Hutchinsonian is not stated to be present, though the limestone 
in this locality was formerly (1905, p. 510) called Waitaki stone (Upper 
Hutchinsonian), 

(4.) (kmaru Rifle Butts. 

In his discussion on the Hutchinsonian stage (chapter vii, p. 77) Park 
makes no reference to the Hutchinsoiiian beds at the Rifle Butts, but he 
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gives a section (pL ii, fig. A) in which are shown “ the greensands with 
Paohymagas jparki ’’ followed hy a glauconitic shell-bed (bed i), a hard brown 
limonitic sandstone (bed A), and soft glauconitic sands (bed g), and all these 
beds are classed as Hutchinsonian. These beds above the farki green- 
sands are Park’s Upper Hutchinsonian. The Awamoan beds are said to 
lie above this so-cdled Upper Hutchinsonian. Now, the glauconitic sandy 
shell-bed (bed i) is crowded with molluscan casts and extremely fragile shells, 
and there is no doubt that it is similar to the shell-beds at Target Gully and 
Ardgowan, which all geologists recognize as Awamoan, and its position 
immediately above “ parki ” band confirms this (compare Park’s section 
at All Day Bay, p. 56). These beds {g, A, i, of pi. ii, fig. A) are undoubtedly 
Awamoan, and there is, therefore, no Upper Hutchinsonian at the Bifle 
Butts. 

(5.) Hutchinson's Quarry (pp. 60-61). 

In this locality the junction of the greensands with the limestone is not 
clear, although they undoubtedly overlie it. As the Upper Hutchinsonian 
is not stated to be presents it is unnecessary to discuss the section further. 

(6.) Target OuUy (pp. 79-80). 

In this locality the Awamoan and Upper Hutchinsonian are said to be 
present in the same section. From the description given it is difficult to 
judge exactly which beds are referred to the Upper Hutchinsonian. The 
following statement occurs on page 79 : “ The glauconitic sandstone [Upper 
Hutchinsonian] follows the greensands conformably at the shell-bed (Target 
Gully).” These greensands are Lower Hutchinsonian (p. 78). On the same 
page it is stated that “ at the shell-bed. Target Gully, it [the glauconitic 
sandstone] consists of soft glauconitic sandstone interbedded with hard 
yellowish-brown sandstone bands.” In the section given on page 80 the 
horizons of the beds are not indicated ; the fossiliferous greensands (bed c), 
which are the lowest greensands exposed in the section, must, accor^ng to 
Park’s first statement quoted above, belong to his Lower Hutchinsonian, 
leaving a hard yellowish-brown glauconitic sandstone (2 ft. to 4 ft. thick) to 
represent the Waitaki stone (Upper Hutchinsonian). The fossils in this 
sandstone are in the form of casts, and no palaeontological or other evidence 
is offered to support the contention that the bed is at the horizon of the 
limestone in the Waitaki Valley (the so-called Upper Hutchinsonian). If 
Park refers all the greensands to his Upper Hutchinsonian, as would , appear 
from the second statement quoted above, there is still no evidence to support 
this view. Of the seventy-two species of Mollusca listed from bed c, sixty- 
seven 8pe6ies occur in Park’s list of Awamoan fossils (pp. 97-105), three 
forms are Recent, and the other two are not characteristic. The percentage 
of Recent species is said to be 40*3 ; and, as the percentage of Recent 
species in the Awamoan of the Oamaru district is stat^ by Park to be 32-9, 
there would seem to be no justification for separating these beds from the 
Awamoan honzon. Pachymagas parki (Hutt.), however, is said to occur in 
the form of casts in bed d, and as the same fossil is recorded from bed c, and 
this is the characteristic fossil of Park’s Lower Hutchinsonian, the beds 
might equally well be referred to his Lower Hutchinsonian. As a matter 
of fact, in the absence of a brachiopod fauna it is a difficult matter to disr 
tinguish the Hutchinsonian from the Awamoan. As Park says (p. 53), “ the 
relationship existing between the Hutchinsonian and Awamoan is generally 
so close that it is difficult to define where the one fends and the other begins.” 



If, however, in twiditkiix to e* mollnecian fauna the brachiopodft 
the line of demarcatiojiis a sharp one in the Oaraam and Papakaio dSW 
the close of the Hutchinsonian being marked by a glaucomtic ban^ crowded, 
with porK (Hutt)., winch is often accompamed by 

rhizqida (Hutt.). The writer believes^ that the “ parki beds in the p^^t 
locality are followed directly by the Awamoan, and, as the'former beds ai« 
Park’s Lower Hutchinsonian, it follows that there is no Upper Hutchin-. 
Bonian in the Target Gully locality. Yet '^Park states (p. 26) that ‘^ on 
palaeontolopcal grounds the Hutchinsonian might be mvided into two 
sub-stages — the lower or true Hutchinsonian including the glauconitio 
greensands, the upper comprising the glauconitic calcareous sandstone 
that forms the Waitaki stone or Waitakian.” The writer has been imable 
to find in Park’s latest work these palaeontological grounds. 

When the writer examined the Target Gully section the junctions of the 
various beds were obscured by slope deposits, in which were collected fossils 
from the shell-bed (Awamoan), specimens of Pachymagas parki (Hutt.), and 
Rhizothyris rhizoida (Hutt.), and this^ould indicate that the true Hutchin- 
sonian (Park’s Lower Hutcliinsonian) is present below the shell-bed. Putting 
aside tlus obscurity of the section, however, it is contended that no evidence 
has been adduced to justify any bed in the section being differentiated 
as a separate Upper Hutchinsonian horizon. The fossils from bed c are 
Awamoan, and the hard glauconitic sandstone is exactly similar to the 
bands that occur in Park’s Awamoan at All Day Bay. 

(7.) Upper Target Gully (p. 82). 

Two sections are exposed in this locality. In fig. 37 a “ rusty-brown 
glauconitic sandstone ; 9 ft. exposed ; contains Pachymagas parki (Hutt).” 
In fig. 38 a glauconitic sandstone is shown. It is said to be crowded with 
Pachymagas parki (Hutt). According to Park’s definition of the beds, 
neither the Awamoan nor the so-called Upper Hutchinsonian is present. 

(8.) Ardgowari Shell-bed (p, 81). 

The section in this locality (fig. 36) shows the Ardgowan shell-beds 
resting directly on a “soft brown sandstone,” from which twelve fossils 
were collected, eleven of which are found in typical Awamoan localities. 
The other fossil, Lima suteri Dali, is apparently not found elsewhere in 
the Oamaru district. Park’s Lower Hutchinsonian is not present in the 
section, and no reason is assigned for separating this “ slightly glauconitic 
sandstone ” from the Awamoan. As pointed out above, these sandstone 
bands are characteristic of the Awamoan, and there is no evidence to show 
why they should be placed at an Upper Hutchinsonian horizon; 

(9.) DeviVs Bridge (pp. 62, 82). 

The section at the outlet end of Devil’s Basin shows “a soft friable 
glauconitic sandstone, 12 ft. thick, crowded Pachyrnagas ^arki (Hutt.),’* 
and accompanied by Rhizothyris rhizoUa (Hutt.), overlain directly by a brown 
calcareous glauconitic sandstone, 30 ft. thick> from which seventeen forms 
were obtained, thirteen of which occur in the Awamoan, one is not found 
elsewhere, two are recorded from the “Lower Hutchinsonian” elsewhere 
(that is, from the “ parki ” greensands), while Emargmula Harris 

occurs in the Ototaran. This so-called Upper Hutchinsonian cannot be 
separated from the Awamoan, particularly as it rests hard ugon the “ parki 
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greensands, its normal position as siiown by Park in his section at Afl Bay 
Bay (p. 56). The writer (1918b, *p.' 121) described this locality, and showed 
that the “ parhi ” band lay some distance above the limestone, whidi was 
nodular at its surface, and according to Park the upper part of the Uniestone 
is “ a hard semi-crystalline limestone from 2 ft. to 4 ft. thick.’* The sequence 
is similar to that at All Day Bay, \although the small exposure of looser 
greensands between the nodular surface of the limestone and the “ porfci ’* 
band has not yet proved fossiliferous. The sands above the “ parJfci ’* band 
are glauconitic, and in this respect are similar to the Awamoan at All Day 
Bay. In the present locality no reasons have been adduced to show that 
the Upper Hutchinsonian is present. 

All the localities in the Oamaru district where Park has described the 
Hutchinsonian have now been discussed, and the writer has attempted to 
show that the band of glauconitic sandstone (the so-called Upper Hutchin- 
sonian of Park) is part of the Awamoan. The description in Bulletin No. 20 
of the Awamoan beds shows that they may assume the character of an indu- 
rated sandstone. In the absence of palaeontological evidence, the placing 
of a thin band of sandstone in an Upper Hutchinsonian is unwarranted. 
The fossils that have been recorded by Park are Awamoan, as shown 
above. In his classification of the beds of north-east Otago, Thomson (1916, 
p, 35) defined the Hutchinsonian as the beds lying between the Ototara 
imestone and the shell-bed at Target Gully. This shell-bed undoubtedly 
forms the base of the Awamoan at the Rifle Butts, but from its very nature 
t is not likely to be a widely extended horizon (it is known to occur at only 
three places — Rifle Butts, Target Gully, and Ardgowan). These shell-beds 
appear to be the remains of shell-banks of the Awamoan seas, and, although 
confined to the lower part of the Awamoan, they may not always represent 
the basal bed. At All Day Bay the basal bed of the Awamoan, which lies 
directly on the “ parki ” band (Hutchinsonian), contains similar fossils to 
the shell-bed, but no shell-bed occurs in the locality. As pointed out above, 
the “ parki ” band marks a definite horizon, the close of the Hutchinsonian, 
and it seems preferable to make this band the upward limit of this stage. 
This would mean that Park’s Waitaki stone (Upper Hutchinsonian) would 
be driven into the Awamoan, but it would not in any way lower the value 
of the evidence he has brought forward to prove that this limestone is at a 
different horizon from the Ototaran stone. 

i 

*(10.) Landon Creek and Flume Creek. 

XThe Awamoan beds are not present in these localities, but certain hard 
glauconitic lt>ands are present in the upper beds. Some of these are referred 
to the Upper Hutchinsonian horizon. The present writer contends that 
these so-called Upper Hutchinsonian bands represent the parki'' band, 
in other cases lower beds, and are therefore, according to Park’s definition, 
his Lower Hutchinsonian. As the '‘‘parki" band is the highest horizon in 
the Landon Creek and Flume Creek^ areas, the so-palled Upper Hutchin- 
sonian cannot be present. 

In fig. 25 (p. 63) a section is given showing “ rusty-brown glauconitic 
greensands crowded with Pachymagas parki (Hutt.) ” at the top of the 
sequence. According to Park’s definition, this is his Lower Hutchinsonian 
horizon, and the Upper Hutchinsonian cannot be present. We must note, 
fiowevet, that a “brown calcareous glauconitic sandstone” 6ft. thick is 
said to lie 4J ft. hdow the parki " bed. This band of sandstone is ags^ 
shown in fig. 26, yhere the “parki" band is not shown. In both^fiianites 



this glauoomtic sai4st<me H direotijr on ths Daman! stwe 

in fig. 26 is separated from the ** by nodifi^ 

fig. 27 (p, 64) the '‘ porfci’l band is not present, but 24 ft. of ^aniionilib? 

sandstone is shown lying above the limestone and classified 

sonian, but whether Upper or Lower is not stated. In fi^. 26 sbd 

then, this glauconitic san^tone ca.imot represent the Upper Hutchinscmifil^,: 

In fig. 15 a section is mven in Landon Dreek showing at the top of 
Hutchinsonian a “hard brown calcareous simdstone, thickness of 
exposed,” from which were obtained the brachiopods Paohymagas pai^ 
(Hutt.) and Rkizothyris rhizoida (Hutt.). This is Park’s Lower Hutohir^ 
sonian, and the Upper Hutchinsonian is therefore absent. Pig. 16 is 
important, as it enables us to correlate the beds in the Landon Creek 
area with those in the Oamaiu area. It Will be noted that the upper part 
of the Oamaru stone is a bed of “ hard semi-crystalline limestone, - which 
is overlain by looser greensands containing dtu^yla Ten.-Wo^s, and 
these are capped by “ a hard brown calcareous sandstone containing 
P<ichymaga8 parki (Hutt.) and Rhizothyris rhizoida (Hutt.).” ‘ The sequence 
is the same as at All Day Bay, only in the present locality the nodular 
surface of the hard limestone is not so evident. 

On page 46 Park gives a classification of the beds in Landon Creek, 
and shows that the limestone beneath the “ hard semi-crystalline limestone ” 
is glauconitic. This is the case in the whole of the Landon Creek area, 
and it is extremely probable that bed h of fig. 25, bed h of fig. 26 (both 
of which underlie nodular greensands), and bed h of fig. 27 represent 
this upper glauconitic portion of the limestone. The nodular greensands 
(“ Isis ” beds) just referred to contain Isis dactyla Ten.-Woods, Aetheia 
gaulteri (Morris), and Terebratulim suessi (Hutt:), and they lie immediately 
beneath the “ parki ” hand. The fossils collected by the writer from 
these beds have already been published (1918 b, pp. 122, 123), and, although 
these lists are incomplete, they indicate that the sequence is similar to that 
of the Kakanui district. In the Landon Creek area, then,, the highest beds 
present are the “ parki ” beds (Park’s Lower Hutchinsonian of the Oamaru- 
Kakanui areas discussed above), and his Upper Hutchinsonian is non- 
existent. 

The writer has attempted to show that in the coastal district, where 
the Awamoan beds occur above the greensands, the base of the Awamoan 
is termed Upper Hutchinsonian; that in the Landon Creek area, where 
the “ parAji ” band is the highest horizon present, > either this bed or 
underlying beds are termed Upper Hutchinsonian. In other words, the 
Hutchinsonian greensands with Pachymagas parki are overlain directly by 
the A^vMmoan beds, and the “ Upper Hutchinsonian ” of Park is applied 
to differei^t, horizons in different parts of the district, and is therefore 
inadmissiblo'ii^ classification. 

On page a section is given in which the Oamaru stone is ifiiown 
capped by a of hard semi-crystalline limestone, which represents the 
upward limit of thi-Ototaran. The sequence is similar to that at All Day 
Bay (p. 56), west brak^ of Landon Creek (p. 46), Deborah (p. 59), Kakanui 
(p. 70). In the presenv:;^^oeidity and in the localities just mentioned the 
overling greensands oofii^in Isis dactyla Ten.-Woods, Mo^ea hcmUtoni 
(Thomson), Aetheia gaulteri (Morris), Terebrakulina suessi (Hutt^),' and there 
is no doubt that these greensands are all at the same horizqn^'the base of 
the Hutchinsonian. Now, these greensands (bed m of fig.'" 17) are said to be 
the same as, bed g of fig. 28, and the latter bed is said tp be Upper Hutehin- 
sonian (Waitaki stone), whidh is hnpossible, as the fossils are the fossils of 
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'Park’s Lower Hutchinsonian of the coastal area (see p. 78). Fui^her, from 
Park’s description of the beds at Big Flume Creek on page 48 and page 65, 
bed m of fig. 17 should be correlate with bed f of fig. 28, hot bed g, as 
both lie hard on the “ band of semi^crystalline limestone ’’.and represent 
the “ Isis ” greensands, and the fossils of the latter horizon also occur in 
the lower portion of bed g. The writer* was unable to find the glauconitic 
sandstone overlying these “ ” beds, and after visiting the Big Flume 
Creek during the present year was only confirmed in his own interpretation 
of the section as given in a former paper (1918, p. 123). As indicated 
there, the section is a discontinuous one, and the beds are probably faulted, 
the highest beds exposed in the section, which crop out on -the right bank 
of the creek between the water-race, and the Oamaru-Kurow main road, 
are the Isis ” greensands capping the “ hard semi-crystalline limestone,” 
and the writer found no beds above them. 

In regard to this section Park (p. 65) says, “ This section is important, 
as it shows not only the relationship of the Oamaru stone to the Hutchin- 
sonian, but also — what is of greater significance — the relationship of the 
Oamaru stone to the Waitaki stone.” Even if the glauconitic sandstone 
(bed g of fig. 28) does occur as shown in section above the “ Isis ” beds (the 
present writer was unable to find it), no evidence has been presented to 
show that it is the equivalent of the limestone of the Waitaki Valley near 
Duntroon. A section is given on page 83 of the rocks near Duntroon, where 
Park’s typical Waitaki stone is shown overlying a fossiliferous glauconitic 
greensand. From the description of this stone in the legend it would 
appear that the rock is a very impure limestone, but it is as pure in many 
parts as the typical Ototaran Umestone ; it is certainly arenaceous and 
glauconitic in places, but it is undoubtedly a limestone. The analyses 
given on page 115 (especially analysis No. 4) confirm this. 

Park gives a list of brachiopods from the glauconitic sandstone at the 
base of the Waitaki stone (p. 83). These brachiopods have also been 
collected from the upper part of the glauconitic limestone of.Landon Creek 
Wherever the limestone becomes very glauconitic the brachiopods appear. 
The upper glauconitic part of the limestone in the Landon Creek area and 
in the Flume Creek area increases considerably in thickness, and it is this 
portion that yields fossils similar to those at the base of the limestone near 
Duntroon. As pointed out in a former paper, these fossils are not restricted 
to this base. At White Rocks and at Duntroon the lower glauconitic part 
of the limestone increases considerably in thickness, and these brachio- 
pods are found a considerable distance above the base of the limestone. 
Detailed ^correlation is not possible until we know the downward range of 
this brachiopod fauna in the Oamaru limestone, and its upper range in the 
rocks of the Waitaki Valley. At present all we can state is that the 
brachiopod fauna of the limestone in the. Waitaki Valley and in the lime- 
stone of the Landon Creek area is undoubtedly Ototaran. 

V. Boetonian and Waiarbkan Lo'calitibs. 

(1.) Bortonian, 

In his table of the Oamaruian Mollusca (p. 97) Park states that sixty- 
four species were obtained from the Bortonian and sixty-foui^ species from 
the Upper Waiarekan (Waiareka tuffs). This subdivision of the Waiarekan 
of Thomson into a Lower Waiarekan (Bortonian) and an Upper Waiarekan 
has liauch to recommend it. In many places in North Otago the coal- 

f rits are overlain by fine micaceous quartzose greensauds, and near their 
ase hardened calcareous concretionary bands occur in which fossils are 






very but unfortnma^ly the fom of ca^ 

bprizon at Black Point, McKay and Park made extensive cbUectiona, 
forty-three speci^a were determined the late Mr. Henry Snter^^W 
referred by Park to his Bortonian. ik anoi^r paper in this v6liin|| ti^ 
writer has given a list of fossils, also determine by Suter, whici wei?e, 
collected from an horizon about 3pft; above the coal-gtits, and almost 
cerikinly represent the Bortpnian horizon. At Ngapara*a similar fo^lr 
iferous b^ is found lying a short distonce above the Gba|-rocks. In the; 
bed of the Kakanui Eiver, near Gemmers crossing, this fossiliferprui 
horizon occurs beneath glauconitic greensands, which dip beneath Ae' 
Waiarekan tufEs of the Oamaru district. The introduction of a Bortonian; 
horizon should be favourably received by geologists. Park hai^ stated 
that “for a classification to be a trustworthy standard of reference it is 
an essential requirement that the subdivision shall be made in a district 
where the component subdivisions are in such intimate association that 
their relationship to one another can never be in doubt.’’ All will accord 
hearty approval to this dictum ; but we may also add that, if an attempt 
is being made to work out a distinctive fauna for each of these component 
subdivisions, it is also an essential requirement that the fossils s^ll be 
definitely ascertained to have come from a definite horizon. This does 
not mean that fossil lists should be discarded merely because their horizon 
iS doubtful, but it does mean that these doubtful fossils should be rejected, 
temporarily probably, when lists typical of the various stages of a system 
are 'being compiled. The species listed by Park as Bortonian and Upper 
Waiarekan caU foi^ some comment in the light of the principles just 
enunciated. The fossils from the beds at Black Point number forty-three 
species (p. 34), and were gathered from Park’s typical Bortonian locality, 
and the horizon is undoubted. On page 36 a list of thirteen species of 
MoHusca is given from brown sandstones which lie “about 80ft. above 
the lignitic quartzose beds of the Ngaparan stage, and may represeiit a 
somewhat higher horizon than the Bortonian.” On the same page is given 
a list of fossils gathered from fossiliferous blocks, but “ these masses could 
not be traced to their source.” As the horizon of the firat collection is 
doubtful, and as the second was derived from rocks that were not in siLu^ 
these fossils cannot be included in the typical Bortonian. The list of sixty- 
four species must therefore be reduced to forty- three species. 


(2.) Upper Waiarekan, 

The writer (1918a, p. 107) attempted to define the horizons of the 
volcanic rocks in the Oamaru district, and concluded that there was a period 
of volcanic activity prior to the deposition of the Otbtaran limestone, repre- 
sented by the Waiareka tuffs (Upper Waiarekan of Park), and that there 
was a later period — perhaps two later periods— of activity represented by 
the volcanic rocks that occur interbedded with the Ototaran limestone 
near Oamaru. Park recognizes three periods, the second and third being 
Ototaran, while the first period is Upper Waiarekan. These volcanic 
rocks form fragmental tufaceous beds for the most part, and were probably 
all accumulations from submarine eruptions ; they are often fossiliferous, 
Possils gathered from tufaceous rocks may therefore be either Ototaran qi 
W aiarekan, and before the fossils are assigned to either^ of these^ horizons 
the position of the bed mAst be indisjputable. The fossils listed as Upper 
Waiarekan by Park have in nearly all cases been gathered from beds inters 
bedded wit$ limestone, and the writer believes that they belong tb' thb 
limestone period— lihat is, thSy are of Ototaran age. Park himself indicates 
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hia Waiarekan tufs at Cape Wai^btow may be partially Ototaran, 
for he states that in this locality tiie Waiaarekan tufis are over 600 ft. 
thick — though it is possible that a portion of the latter may belong to the 
Ototaran.’’ The writer is in accord with this statement, and would assign 
to the Ototaran the interbedded tuffs and limestone bands in the Shirley 
Creek section near the Rifle Butts, which form the top of Park’s XJppor 
Waiarekan. The beds immediately below the lower pillow-lava near 
Boatman’s Harbour should also be Ototaran. The various localities where 
the Waiarekan tuffs are said to occur will now be discussed. 

(a.) Kahanui Scmih.—ln Bulletin No. 20, section 19, page 52, shows the 
tuffs lying beneath the Ototaran limestone,-and they are doubtfully referred 
to the Waiarekan. Above them lie .71 ft. of limestone, 24 ft. ^f marly clays, 
and tufacebus matter is plentiful throughout the section. The limestone 
(bed a) is evidently at or near the base of the Ototaran. If so, the under- 
lying tuffs are probably Waiarekan, but they have yielded no fossils. 

(b.) Boatman's Harhouft Cape Wanbrow. — Park in a measured section 
(pi. ii, sec. B) shows the beds in excellent detail. A well-marked break is 
shown below bed Discussing this unconformity. Park says that it is 
“ apparently due to contemporaneous erosion.” He further states that the 
Oamani building-stone “ is absent, and, if not wholly, is partly represented 
by the fossiliferous tuffs and limestones at Boatman’s Harbour [t.e., by the 
beds above the lower pillow-lava]. The brachiopods from the upper <rf tlfe 
two limestone bands at that cove are mostly those of the Kakanui limestone 
horizon of the Otutaran [^.e.. Upper Ototaran], as also are the brachiopods 
from the lower of the two limestone bands underlying the pillow-lava.” The 
beds referred to are shown in plate ii, section B, but in the legend these lower 
limestone bands and interbedded volcanic rocks are not referred to any 
horizon, although from the title of the section they are probably to be placed 
in the Waiarekan ; yet -the description of the beds does not indicate where 
the upper limit of the Waiarekan should be placed. From the quotation 
given above it is clear that the lowest fossiliferous band in the section con- 
tains characteristic Ototaran brachiopods, and underlying this band uncoil- 
formably is a great thickness of volcanic tuffs which have not yielded any 
fossils. The fauna from this locality cannot be referred to the Waiarekan. 

(c.) Shifley Creek (see pi. ii, fig. A). — Park states that “ at Shirley Creek 
the Waiarekan tuffs are overlain unconformably by the Oamaru stone and 
associated beds. . . . The unconformity cannot be regarded as other 

than intra-formational.” When the writer examined this section he formed 
the opinion that the beds above and' below this so-called unconformity had 
the same dip (1918a, p. 110, fig. 2). It is true that the upper bed (pi. ii, 
fig. A, bed c) is a limestone band containing masses of volcanic rocks, as 
shown by the writer in the paper just referred to; but this is a common 
feature in the limestone bands interbedded with tuffs, >as shown by Park 
on page 37, where he writes in reference to the two bands below the pillow- 
lava that “ these limestone beds are brecciated” with angular blocks of 
vesicular basalt.” The beds referred to the Waiarekan at Shirley Creek 
are calcareous tuffs interstratified with polyzoan limestone bands, and they 
contain the typical Ototaran brachiopod Liothyrella oamarutica (Boehm), 
and there would appear to be no reason for separating the beds between 
bed q and bed w feoni the Ototaran. At the top of bed w there is an 
UndoubtM physical unconformity, which probably represents the break 
at Boatman’s Harbour below bed of plate ii, fig. B, as the beds that lie 
beneath these unconformities are unfossilifexous tuns of similar composition. 



(d.) ' Cmf^y near B (p. 41).— The hto oT 

(fig. 5) is a bi^salt showmg pfflow-frtjm^iei similar t0 the Jdir#^p3^ 
lava at Boafeapiaa'S Harbour. The two r^^ks have beeu 
TOter (1918 a, p. 113)i tod therfe is Htde doubt that "they ar0 at 
Wizou.; The rock at Boatmau’sJEfarbour has been shown be 
certainly Ototaran, and the piUdw^lava in the present locahty mttst; 
referred to the. same stage. The highest bed pf the section is a brecoiati^ 
pillowdava exactly simiutr to the highest bed iq. the section at Boatmaa^t 
Harbour, while the intermediate beds are calcareous fossiliferous lufig 
and limestones. The fossils recorded from the tufaceous beds above the 
lower pillow-lava in the present locality are in rather poor condition, and 
the percentage of Recent species as determined by outer is 37-5. The 
evidence is scarcely sufficient to warrant these rocks being ciassed as 
iWaiarekan. 

(e.) Grant's Creek (p. 45). — In. fig. 14 a section is given on the east 
bank of Grant’s Creek, near Oamaru. It shows the Oamaru stone with 
interbedded bands of basaltic conglomerate, and the soft friable greenish 
glauconitic calcareous tufis underlying are called Waiarekan. These beds 
are hprizontal, and it is , stated that less than 50 yards higher up tibie 
stream, and on the same side, the Oamaru stone is followed by the Hutchin- 
sonian greensands crowded with Pac%ma^a5‘jparit (Hutt.).” The maximum 
thickness of the rocks above the tufis is 21 ft., and, as the rocks are hori-^ 
zontal, and the Hutchinsonian beds occur a short distance away capping 
the limestone, these tufaceous beds are certainly not Waiarekan. The 
development in the present section is very similar to the section exposed 
lower down the stream and described by the' writer (1918 b, p. 121, fig. 3). 
Im that section 20 ft. of limestone separates the yolcanic rocks of Oamaru 
Creek from the Hutchinsonian greensands, and Park rightly considers 
these volcanic rocks as Upper Ototaran (see geological map, Bulletin 20). 
The tufaceous beds in the present locality are therefore Ototaran. These 
beds mapped by him in the basin of Grant’s Creek as Waiarekan are similar 
to those developed at Upper Target Gully which he has mapped as 
Upper Ototaran. A comparison of the sections shown on page 82 at Upper 
Target Gully (figs, 37 and 38) will indicate the similarity 5 the rocks in 
the basin of Grant’s Stream to those at Upper Target Gully. Similar 
sections occur at Hutchinson’s Quarty (1918 a, p. Ill), tower Target Gully 
(Bulletin 20, p. 80), and Eden Street, Oamaru (Bulletin 20, p. 60). The 
present writer, in his description of the Hutchinson Quarry and neigh- 
bourhood (1918 a, p. 112), showed that the fossiliferous beds at Boatman’s 
Harbour which lie beneath the brecciated pillow-lava are certainly not 
Hutchinsonian, as contended by former geologists, and Park in his latest 
work has reached the same conclusion, as his geological map clearly shows. 
The writer’s argument was based solely on the correlation of the upper 
volcanic rocks at Boatman’s Harbour and Oamaru Creek near the junction 
of Grant’s Stream, and as Park also oorrelates these volcanic horizons there 
can be no doubt that the volcanic horizon in the present ^tion is n0 
Waiarekan but Ototaran (Upper Ototaran). 

In the localities that have been discussed, if these so-called Waiarekan 
tuffs are Ototaran tuffs, then Park’s fauna of the Upper Waiarekan is 
reduced from sixty-four species to the seventeen species detailed on pages 43 
and 44 of Bulletin No. 20. The brabhiopods quoted there are character^ 
istic O^taran fossils, four of the MoBusca are new species, CKo annuteto 
(Tate) is not found dsewhere in New Zealand, Amasium ziUeU (Hutt.) is 
not recorded from any other locality in North Otago, and the r^aining 
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fossils are either found in higher beds or are Recent. The horizon of these 
tuffs is doubtful, but the association of' these calcareous tuffs with ehalky 
clays and marls is similar to the beds near the base of the Ototaran in the 
section exposed on the right bank oi the*Kakanui River (p. 57, fig. 19)* 
The writer has also observed these marly beds and tuffs near the base of 
the limestone in the old quarry at Fortification Hill, near the village of 
Alma. 

VI. Summary AND Conclusion. 

It has been contended that the sequence and subdivision of the 
Tertiary beds of North Otago as detailed in Bulletin No. 20 requires 
certain modifications, and the following conclusions have been reached 
by the writer : — 

(1.) Park’s Lower Hutchinsonian is the true Hutchinsonian of Thomson, 
and is characterized by the fossils Pachymagas parki (Hutt.), Aetheia gauUeri 
(Morris), Terehratulina suessi (Hutt.),*^ Isis dactyla Ten.- Woods, and Mopsm 
hamiUoni (Thomson). 

(2.) No evidence has been brought forward in the bulletin for the 
establishment of an Upper Hutchinsonian horizon in the area lying between 
All Day Bay and Upper Target Gully. The beds referred to this horizon 
h.re Awamoan, and lie immediately on the “ parki ” greensands. 

(3.) The highest beds present in the Landon Creek area are the “ parki ” 
greensands, and in the Flume Creek area the Isis greensands, which 
constitute Park’s Lower Hutchinsonian ; there cannot, therefore, be an 
Upper Hutchinsonian horizon in these localities. 

(4.) No evidence is presented in Bulletin No. 20 to show that the 
Ototaran limestone in the Oamaru and Papakaio districts correlates with 
the beds below the limestone in the Waitaki Valley. Both limestones 
contain several brachiopods which are restricted to the Ototaran of the 
typical Od-maru district, and must be classed as Ototaran. 

(5.) The nature of the limestone (polyzoan limestone) interbedded with 
the tuffs beneath the lower pillow-lava at Boatman’s Harbour and Shirley 
Creek, and the brachiopods obtained from these bands, strongly suggest 
that their age is Ototaran, not Waiarekan. 

(6.) The occurrence of Awamoan fossils in the beds (Otiake beds) above 
the limestone of the Waitaki Valley, and the fact that the Awamoan and 
Hutchinsonian are “ part and parcel of the same series,” as Hutton, 
McKay, and Park have asserted, further strengthens the argument that 
this limestone is Ototaran. 

(7.) Nevertheless, the brachiopod fauna of the greensands in the Oamaru 
coastal district enables a clear line of demarcation to be drawn in that 
'area between the Hutchinsonian and’ Awamoan. 

BiBtlOGRAPHY. 

Hutton, F. W., 1887. Note on the Geology of the Valley of the Waihao, in South 
Canterbury, Trans, N.Z. Inst., voC 19, pp. 439-33. 

Pabk, J., 1905. On the Marine Tertiaries of Otago and South Canterbury, Trans. 
N.Z. Inst., voL 37, pp, 489-661. 

Thomson, J. A., 1916. Classification and Correlation of the Tertiary Rooks, 8th Ann. 
hep. N.Z. Oeol. 8urv., pp. 123-24. 

— ^ 1916. On Stage Names applicable to the Divisions of the Tertiary in New Zea- 
land, Trans. N.Z. Inst., voL 48, pp. 28-40. 

Uttlby, G. H., 1916. Geology of the Neighbourhood of Kakanui, Trans, N.Z. InsL, 

* vol. 48, pp, 19-27. 

1918a. The volcanic Rocks of Oamaru, Trans. N.Z. Inst., vol. 60, pp. 106-17. 

■ 1918b. Geology of the Oamaru-Papakaio District, Trans. N.Z. Inst., voL 60, 

pp. 118-24. 



Abt. X]^. — Exafh,pks of ReaS^vsUnent ^ 

Western Foo^Hh, ..■’'y'M' 

By O. Leslib Avio^. , ^'"rUr: 

[Read before the WellingUm Phaloeophictd Soci^f 8^ October, 19^19 ; received by 
BUI December, 1919 : ieevcd eeparaidy, Uth June, 1920,"] 

' , Plate XL 

Contents. 
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The Major Physiographic Features of the Tarama Range. 

Topography of the Arapaepae Bidge and of “ The Heights ” Basin. 

Changes of Drainage in The Heights ” Basin. 

Changes of Drainage on the Poruriri R.idge. 

1. Introductory. ' 

In the long - settled and more - closely - studied countries of the Northern 
Hemisphere the prodesses Rnd events of physiographic history genetically 
connected igith the present geographical regime have been more or less 
thoroughly worked out, but in New Zealand the subject has been dealt 
with in detail in only a comparatively few isolated areas. During the 
last few years, however, New Zealand physiography has attracted ever- 
increasing notice, and has come to be regarded here as elsewhere &s being 
of considerable importance in the deciphering of the detailed geologic 
history of a ccjuntry. t have therefore been 1^ to contribute the follow- 
ing notes on the physiography of an area which has hitherto received 
but scant attention.^ While it is hot claimed that the course of events 
outlined in section 4 is in^any way unique, the constricted area in which 
the diverse changes took place may be deemed somewhat remarkable, 
comparable to some slight extent with the classical instance of drainage- 
readjustment in the district round Chur, in Switzerland (Heim). 

2. The Major Physiographic Features of the Tararua Banoe. 

The Tararua Bange is that portion of the structural axis of the North 
Island extending from the headwaters of the Hutt Biver to the Manawatu 
Gorge, a distance of fifty-seven miles. The range consists of a series of 
parallel and subparallel longitudinal ridges, so disposed that they collectively 
form an obtuse angle or wide arc convex to the west ; thus it is that 
from south to north their trend changes from north-north-east to north-east 
by north. In addition to the longitudinal ridges there is a subsidiary series 
of transverse ridges which link the former together. 

Another feature of the v Tararua Bange is its asymmetry. The highest 
ridge — that bearing the peaks of The Mit/e and Mount Holdsworth — lies 
well to the eastern side of the range, and ^ on that side the altitudes of 
the foothill ridges decrease more abruptly towards the subjacent lowlands 
than on the west. In general, both towjBirds east and west, the lon^ 
tudinal ridges decrease in height in succession as the respective piedmont 
lowland areas are approached, the outermost foothill ridge on either side 
being usually the lowest of the respective series. The whole is suggestive 
of a high-standing tilted earth-block, having a steep eastward-facing scarp, 
and a back-slope declining towards the west. The initial intense com- 
pression an^ crumpling of the Trias-Jurassic (Marshall, 1912, pp. 127-29, 
^08) strata (the post-Hokonui deformation) was probably succeeded* by 
peneplanaticm (Cotton, 1916#' p. 246 ; Thomson, 1917, ppu 399-400), and 
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i&is was followed by secondary folding (the Kaikoura deformation) accom- 
panied by block-faulting on a large acale, and also by the deep dissection 
of the penultimate erosion-cycle. The secondary folding corrugated the 
Tararua earth-block into broad anticlina.1 and synclinal forms/ and these 
appear to have determined the trend of the principal drainage-lines, and 
to have guided the agents of erosion in the 'production of the high relief 
of the present topography. The initial drainage-pattern is thus considered 
to be mainly consequent on the secondary deformation, and only to a, very' 
slight extent due to adjustment to the original structure. 

With reference to the hills near Wellington City, which may be 
regarded as a south-western extension of the Tararua Range, and perhaps 
also to the main range itself, the longitudinal ridges have been explained 
(Cotton, 1918, pp. 213-14) as being bands of resistant rock reinforc^ by a 
network of secondary mineral matter sealing the joints ; and the valleys 
between the longitudinal ndges as belts of shattered rock — shattered by 
the ancient folding of the strata — along which the erosional action of the 
streams has been more effective. 

While this hypothesis of resistant reinforced bands of rock is accepted 
as a probable contributory cause of the development of the longitudinal 
ridges,* it appears to be inadequate when confronted by the notable linear 
persistence of the longitudinal ridges of the Tararua Range, and also by 
the associated physiographic features thereof — viz., the subsidiary trans- 
verse Tidges,t and certain arresting characteristics of the hydrography* 
The present writer’s explanation of the genesis of these land-forms may be 
presented in detail later, and it will suffice to state here that there are 
numerous and seemingly sound reasons for the belief that orogenic folding 
and uplift, synchronizing with the production of the existing stream- 
sculptured relief, is the most satisfactory explanation of the origin of the 
longitudinal and transverse ridges, and also of the notable peculiarities 
of the present hydrographical regime. Under this e^lanation the principal 
rivers must be class^ as anteconsequent and in parli antecedent. 

3. Topography op the Arapaepab Ridge and of “The Heights” 

Basin. 

On the western side of the Tararua Range the outermost foothill ridge 
is divided into sections by the vents of the rivers that issue from the moim- 
taina on to the plain. Locally the ridge-sections bear names usually corre- 
sponding to the trigonometrical stations situated on their highest points. 
The Arapaepae Ridge, on which is situated the more striking of t^ two 
examples of drainage-readjustment that form the subject of these notes, 
lies between the vents of the Ohau and Mangaore Streams, which cross 
the plain near Levin and at Shannon respectively^ 

Towards its northern end the Arapaepae Ridge is markedly asymmetrical. 
On its western side the spurs are deeply truncated, the hillside presenting 
a steep face composed of short blunted salients. These features mark 
the position of a former coast-line, they being ancient sea-cliffs (Adkin, 
1911, p. 509 ; 1919, p. 109). On ^e eastern side of the ridge a different 

* The topographic details as etched out by erosion are undoubtedly due to the 
presence of bcuids dnd patches of rock of varying resistance. 

> t transverse ridges are not mere erosioiial features occurring at haphazard 
intervals. In some cases they extend from lowland to lowland right across the 
niountMn*syBtem, and therefore must be attributed to a more profound caption. Nor 
oan it be due to mere ehance that the principal transverse ridge of the Tararuas, if 
produced eastward across the Wairarapa lowland, there coincides with the water-* 
pAriIng from which the drainage of the lowland imd adjacent mountains is directed 
horth.and south respectively. 
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of land-forms occur: long fully-developed lateral spurs run out from 
the main divide like great buttresses for a mile or more, and between 
them lie broad, open stream-valleys, all diversified by a dendritic drainage- 
pattern. One of these broad valleys, locally known as “.The Heights '* 
basin, is situated at^the junction of the Arapaepae Ridge with the trans- 
verse ridge that connects it with the inner ridges gf the range. By virtue of 
its situation, this basin possesses such change-favouring features as superior 
altitude and shallowness to a greater degree than the adjacent eastward- 
facing lateral valleys of the Arapaepae Ridge. 

“ The Heights " basin, in which the changes of drainage took place, lies 
near the crest of the Arapaepae Ridge, its flat alluvial bottom (Plate XI, 
fig. 1) having an average altitude of 1,015 ft. — only 200 ft. below the 
trigonometrical station, Arapaepae No. 3, 1,210 ft., located at its north- 
western comer. The basin is roughly rectangular in shape, and about 
a mile and a half across from north to south. Forming its rim are hilly 
ridges, varying in height from a few feet to more than 400 ft. above the 
alluvial flat : on the west the Arapaepae Ridge, on north and scfuth two 
lateral buttressing spurs of the same, and on the east the western end of 
the transverse connecting-ridge. To the north lies the catchment area of the 
Mangaore Stream ; to the south and south-east that of the Makahika, a 
tributary of the Ohau River ; and to the west that of the Koputaroa. 
Formerly “ The Heights " basin had only one outlet ; now there are no 
less than three. 

4. Changes of Drainage in “ The Heights ” Basin. 

Originally the whole of the drainage of “ The Heights ’* basin was 
discharged through a comparatively narrow outlet situated at its sctuth-east 
comer, by a single stream, tributary to the Makahika River! The origin 
of the basin is, in the present state of knowledge, somewhat problematical ; 
but a tentative hypothesis is that it was formed by the denudation, first 
by the subaerial agencies in general and afterwards principally by stream 
erosion, of the crest of a broad anticlinal stmcture of crumpled strata pos- 
sessing but little primary variation in hardness. Under this conception 
the weakened crest of the anticline was widely opened, while the limbs 
retained a sufficient degree of compactness to restrict erosion to narrower 
limits. This hypothesis conforms to the conception of the orogenesis of 
the Tararua Range briefly outlined in section 2 ; l^he general topography 
of the Arapaepae and adjacent ridges is also favourable to its adoption. 

An identical origin must be ascrib^ed to the nei'ghbouring eastward -facing 
lateral valleys of the Arapaepae Ridge (fig. l)-~the Waireka (Plate XI, 
fig. 2), Wainui, &c. All these valleys are of the basin-like, bottle-neck 
type, being gorge-like and narrow at their outlets, and broad and open 
above. Valleys of similar form occur in the Blue Motin tains* due west of 
Sydney (Taylor, 1919, p. 177). 

It may be suggested that in the case of the Tarama foothills the broad 
arching of the secondary folding would be quantitatively insufficient to 
produce so sharp a distinction in the resistance to erosion of the crest and 
limbs of a fold as to determine the ultimate form of the bottle-necked 
valleys. For the present this may remain an open question, though the 

* Professor David’s and Griffith Taylors explanation of the Blue Mountain bottle- 
neck valleys appears to be applicable to those of the Tararua foothill ridge, though in 
the former locality this particular type of land-form was produced by a single rock 
stratum in the Ihnb of a' large anticlinal fold, and in the latter by the compacted and 
stronger strata of the anticlinal limb itself as compared with the weaker crest. 




Tlu* ” hasiii, looking north-east, Khowing topography and present 

(listril)ulioii of draiiutge. Ivemnant of original stream in foreground (eentre 
to right); <aitlet of same on right beyond margin of view. S])ill-over outlet 
on left. («otg(? and trenches of ]>iratc stream in distance (right to eentre). 
Trig, station, Ara]>aei)ae No. 3, 1,210 ft., in distan(‘e on hdt. 






Fig. 2. — “ Hie Heights ** basin and the adjacent lateral valleys of the Arapaepae Hidge, showing tiie directi^ and prpbal^ ciusi^ter of 
the drainage towards the conclusion of ailaviation. Approximate scale, 2ui. =» 1 mile. r / / ^ 















Transactions, 

Available evidence appears to indicate that it was 'sufficient, There was, 
however, a contributory cause. The rejuvenated Makahika Eiver has cut 
its present trench-like* channel at the foot of the long eastwaid-treiuling 
lateral spurs of the Arapaepae Ridge, truncating them ; And to maintain 
accordant junctions the Wainui and Waireka Streams were thereby forced 
to cut shorter, ^per gorges than tbtey would have done had the Makahika 
River cut its present trench in the middle or on the opposite side of its 
former widely-opened valley. Of itself the action of the Makahika ^as 
quite insufficient to produce the bottle-neck, basin-like valleys of the 
tributary streams referred to, but, in conjunction with the broad arching of 
the secondary deformation, conditions came into existence that were favour- 
able to the production of the tributary valleys in their present form. 

When “ The Heights ” basin had been opened to nearly its present 
extent a period of alluviation' followed. This alluviation covered the former 
valley-bottom to a considerable depth, and ultimately formed a wide alluvial 
flat (Plate XI, fig. 1) having a very gentle surface slope to the south-east. 
The alluvium consists of stiff cream-coloured and yellow clays resting 
on a thibk mass of fine gravel. Towards the close of the depowtion of 
alluvium many of the exposed ends of the half-buried spurs round the rim 
of the basin were levelled off by lateral corrasion, and the flat was thus 
further enlarged. The current of “ The Heights ’’ stream was at this 
time extremely sluggish, flowing in meanders of small radius, and the 
surface of the flat must have been diversified by cut-off ox-bows and 
deserted swampy channels (fig. 2). On the^ whgle, the topographic form 
of the basin at this stage was one of late maturity or even old age. 

Alluviation of a somewhat similar character took place also in the 
Waireka, Wainui, and other adjacent bottle-necked valleys. Thick masses 
of clay containing scattered angular fragments of rook, often of large size, 
were laid down, the master streams became sluggish and winding, and 
the topography reached an advanced stage of maturity. ♦ The alluviation 
of these tributary valleys took place in harmony with the alluviation of 
their trunk valley, that of the Makahika : this is proved by the corre- 
sponding accordant levels of the surfaces of the valley-fill in the several 
parts of the valley-system. The alluviation of the large river-valleys of the 
Tararua Range was caused by the failure of the rivers to transport the 
excessive amount of waste derived from the then more extensive alpine 
and subalpine areas in which these rivers took their rise during the 
“ glacier period,” the snow-line (and consequently the timber-line) being 
at that time, by iteason, in part, of the greater elevation of the country, 
relatively very much lower than now.f In my previous papers (Adkin, 
1911, pp. 497-98, 520 ; 1919, p. 112) it was shown that the building of the 
valley-plain of the Makahika and Ohau Valleys, and also the construction 
of the Ohau fan, took place during that period of great elevation of the 
North Island— viz., in the early Pleistocene (Park, 1910, pp. 156-57, 250 ; 
Marshall, 1912, p. 210). The initial opening -out by rpsion of “The 
Heights” basin and the other adjacent bottle-necked valleys is therefore 
of some antiquity — certainly of not later date than middle or perhaps late 
Tertiary times. 

The alluviation ‘ of “The Heights ” basin was followed by further 
changes. The sources of a tributary of ihe Mangaore Stream, situate on 

* ^6 la43t physiographic event in each of these valieyB except that of The Heights ’* 
was rejuvenation, by wMoh their alluvial bottoms were trenched to depths up to 100 ft. 
j *1' Por fuller reference to this subject see The Discovery and Extent of Former 
/Olaoiation in the Tararua Ranges, North' Island, New Zealand,** Tram, N,Z, IneL, 
yoL 44, p. 316, 1012, 








the side ” Jb^isiti, were actively 

sources faeadt^ard into tha outer slopes oi its rim; 
toally cut back ooaapletely through the rim, and ;tapped a poriapn 
Heights” stream. Invigorated by this success, it stiU farther eqc 
its course within the confines of the ba^, ultimately captuiing half 
drainage-lines therein. t*roof of this act of piracy and the ooni^ijUl^^f 
reversal of drainage is-.fumi8hed by the fact that the stream now flows ihl'SS 
direction contrary to the dope of the area it drains, as shown in fig. 1 , (Hota f 
altitudes — corrected aneroid readings — of the surface of the old sJluvial fia{<) 

Simultaneously, or approximately so, a farther change took place, thte: 
time in the south-west part of “ The Heights ” basin. Ther^, one of the 
aggrading streams so far raised its bed that it nt last overtopped a low 
place in th^ main Arapaepae divide, and a spill-over course resulted, by 
which its waters were diverted westward into the catchment area of the 
Koputaroa Stream. This type of stream-diversion has been described bjr 
Gilbert as “ diversion by alluviation.” The alternative possibility, that thn 
spill-over course, at “ The Heights,” and also that on the Poruiiii Eidge 
(described in section 5), were caused through capture by the headwater 
erosion of streams rising outside the basins of the diverted streams, is 
rejected on the following grounds : (1.) Both the Arapaepae and Foruriri 

Ridges have fairly even, unnotched crest-lines, and headwater erosion of 
the streams draining their western slopes does not now, or at any pre^ 
vious period, appear to have caused, or even tended to cause, diverriou 
by piracy. (2 ) The original surfaces of the alluvial flats in the basins, 
of the two diverted streams referred to above still overtop the former low 
parts of the Arapaepae and Foruriri ridge-crests respectively. In each 
case the notch cut by the spill-over course can be difierentiati^ from the 
low part of the ridge-crest. 

In this manner the former coalesceUt drainage of “ The Heights ” basin 
became divided into three distinct parts, each of which possesses either 
inherited or newly-acquired topographic characteristics. The remaining 
undiverted portion of the original drainage bears all the signs of advanced 
age, and still pursues a meandering' course on the surface of the alluvial 
flat before flowing south-east to join the Makahika River. The streams 
captured by the pirate stream flow in narrow youthful trenches at a depth 
^of from 15 ft. to 100 ft. below the old alluvial surface, and then plunge 
into the deep and narrow gorge that forms the breach in the northern rim 
of the basin, and join the Manga'ore. In one place part of this entrenched 
drainage lies only about 7 chains from the old meandering stream, and 
further captures are thus imminent. The stream diverted by alluviation 
has also entrenched itself to a slight extent into the alluvial flat, and then 
cascades down the steep western face of fae Arapaepae Ridge to augment 
the yraters of the Koputaroa. The changes described bear the marks of 
extreme youth, and further adjustments must eventuate before even a 
moderate state of stability is attained. 


6. Changes of Drainage on the Foruriri Ribge, 

The Foruriri Ridge is another section of the outermost western foothills, 
lying between the vents of the Mangaore and Tokomaru Rivers ; and linearly 
it is the northward continuation the Arapaepae Ridge.' The diversion 
of drainage which took, place on the Foruriri Ridge was similar to but less 
complex than that at “ Jhe Heights,” since in the iofmet locality the act 
of piracy was not committed. In the former locality the change was due 
to diversion by alluviation causing a spill-over course (now known as the 
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yiG. 3. — "Hie topography of the present and farmer catchment areas of the Manga- 
haral^ke Stream, neai^Tokomapi. 
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Man^ahar^l^eke Streani : fig. Z) which pcoducM the lughidst wiatcrf^ 
yet fecoided in the Tararua Range, and a ^vine exhibiting all the ctiteiia 
of extreme youtii — precipitous, crumbHng rocky sides^, and a nairoW; 
ungraded stair<like bottom down which the stream pltinges in a aeri<^ af„ 
falS and cascades. The main fall is situated at tfie head of the raving 
descends the 300 ft. of its height ifa three leaps, separated by ntirrbw ^ocfe 
ledges. ^ . 

The northern end of the Poruriri Ridge is even more asymmetrical thail 
the Arapaepae Ridge, its spurs being so deeply truncated on its western 
side as to present an almost unbroken face, the exceptions being the gash- 
like Mangaharakeke ravine and some minor gullies. Like the Arapaepae 
Ridge in the vicinity of ** The Heights,” the Poruriri has long Jjrancbing 
lateral spurs on its eastern side, physiographically the two ridges have 
much in common. 

Considered as a single feature, the former and present catchment areas 
of the Mangaharakeke Stream have a, topographic form intermediate 
between that of. the Waireka Stream (Plate XI, fig. 2) and that at “ The 
Heights*’ (Plate XI, fig. 1). Some of the topographic details of this dis- 
membered catchment area are of considerable interest, but only one which 
has a direct bearing on my argument can be touched on here. The sudden 
spilling-over of a fair-sized stream like the Mangaharakeke liberated an 
enormous amount of erosive power, with the result that the spurs on either 
side of the ravine were shorn away longitudinally, leaving them as half- 
spurs — i.^.i having a concave precipice on the one side and the normal form 
on the other. None of the spurs enclosing any of the neighbouring minor 
gullies possesses a sinjilar configuration, a fact emphasizing the special origin 
of the ravine. 

Formerly, the Mangaharakeke Stream took its rise on the northern side 
of the Poruriri Trigonometrical Station, and flowed north and north-east 
into the upper valley of the Tokomaru River. By the excessive alluvia^on 
of the upper part of its course a state of great instability ensued,. and while 
swinging to and fro on its alluvial flat thi stream found a low place in the 
main Poruriri ridge-crest and flowed down theVestem slope, there pro- 
ducing the ravine and falls described above. A sluggish shrunken remnant 
of its former trunk, tributary to the Tokomaru, still drains the eastern part 
of the deserted alluvial flat. 
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Abt. XXVI. — The Influence of Saks of the Alkali and AtkaUne-earth 
. Metals on the Sci/ubUittf in Water of Ccdcium Caihat^^ m 
the Presence of Air free from Carbon Dioxide^ (b) m the Presence 
of Excess of Carbon Dioxide. 

By E. A. Bowe, M.Sc. 

[Abstiracit cdmmumcaied by W. P. Svans, M.A., PKD., to the PhUoeophkdl Institute of 
Canterbury, 6th Auyust, 191$ ; reeew^ by Editor, 31st December, 1919 ; issued 
se^ratdy, 15ih June, 1920 J] ^ 

The seri^ of experiments herein described was carried out in-order to 
determine how the solubility in water of calcium carbonate was affected 
by the presence of small quantities of the salts of the alkali and alkaline- 
earth metals, the temperature and pressure being approximately, constant. 

The quantities added varied from O’OOOS to 0*1 mole per litre, while 
the temperature lay between 11° and 12° C. 

Apparatus. 

The apparatus employed in the first series of experiments consisted of 
a number of wash-bottles connected in series. The. air was sucked through 
these at a constant' rate by means of a water-pump working under a 
constant head, the flow being adjusted by a micrometer-screw in parallej 
with a pressure-gauge. 

The air was freed from carbon dioxide by means .of ^oda-lime followed 
by a solution of caustic potassium hydroxide. 

In the second series of experiments carbon dioxide was passed through 
the wash-bottles direct from a cylinder the needle-valve of which replaced 
the screw-tap of the previous apparatus. ‘ * 

CONOLUSIONS. 

1. The solubility of calcium carbonate in water increases regularly 
with the addition of increasing small amounts of (a) ammonium, sodium, 
potassium, and magnesium sulphates ; (&) ammonium and sodium nitrates ; 
\c) ammonium and magnesium chlorides. 

2. The solubihty of calcium carbonate in water decreases regularly with 

the addition of increasing small amounts of (a) ammonium, sodium, and 
potassium carbonates ; (b) potassium nitrate ; (c) potassium chloride ; 

(d) disodium hydrogen phosphate. 

3. The solubility in water of calcium carbonate exhibits irregularities 
in the presence of small quantities of sodium chloride. 

4. The solubility in water of calcium bicarbonate increases regularly 
with the addition of increasing small quantities of (a) aimnofiium, sodium^ 
potassium, and jnagnesiiun sidphates ; (6) ammonium, sodium, and potas- 
sium nitrates ; (c) ammonium, sodium, potassium, and magnesium chlorides. 

5. The solubility in water of calcium bicarbonate^ decreases regularly 

with the addition of increasing small quantities of (a) ammonium, sodium, 
and 'potassium bicar^onates ; (b) calcium chloride ; (c) disodium hjrdrogen 
phosphate. ' / 

, , 6. As regards the alkalieB, calcium car^nafie appears to be most sc4uble 
in the ammonium salt of a given acid and in the sulphate of a given base. 
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Abt. XXVII. — Studies in the New Zealand Species of the Oenue Lyco- ' 
podium : Part IV— The Structure of the Prothallus in Five Speoiee. 

By the Rev. J. E. Holloway, D.Sc., Hutton Memorial Medallist. 

[Bead before the PhUoeophical InaUtvte of CaTUerbury, Srd December, 1919 ; received 
by Editor, Slat December, 1919 ; iastted eepiraiely, SSrdJune, 1920,] 

Plates XII-XV. 

Intboduotoby. ' 

In three previous papers (6^ 7, 9) I have given general descriptions of 
the form and the manner of occurrence of the prothalli of eight New Zealand 
species of Lycopodium, In the last of these papers I also noted, without 
figures, certain details in the structure of the prothalli which bore upon 
the general subject of the great variability of the New Zealand species of 
Lycopodium, The eight species whose prothalli were described are L, Bit- 
lardderi Spring, L, BUlardieri var. gradle T. Kirk, L. varium R. Br. Prodr., 
L. cemuum Linn., L. laterale R. Br. Prodr., L. ramulosum T. Kirk, L, volubile 
Forst., L, fastigidtum R. Br. Prodr., and L, scariosum Forst. These prothalli 
are representative of four out of the five known types. It is a striking 
fact that these eight species introduce no new types of prothallus beyond 
those which have become known through the researches especially of Treub 
and Bruchmann, but they present some very interesting variations from 
those types. The prothallus of L, cemuum has been, of course, known to 
science since Treub’s papers on several tropical species studied by him 
in Java were published, but the other seven mentioned above have only 
recently become known. Two other workers have published the results of 
their investigations on the prothalli of several of the New Zealand species — 
namely, MJss Edgerley (4) and Professor C. J. Chamberlain (3) — ^the former’s 
paper dealing with L, volubile, L, scariosum, and L. BUlardieri, and the 
latter’s with L, volubile, L, scariosum, and L, laterale^ 

The present paper is on the structure of the prothallus of the five species 
L, BUlardieri, L, BUlardieri var. gradle, L, varium, L. cernuum, L, laterale, 
and L. ramulosum. I hope to publish a similar account wijbh regard to 
L, volubile, L, fastigiatum, and L, scariosum in a fifth part. 

The literature dealing with the various other species — European, Tropical, 
and American — which have been described is enumerated below at the begin- 
ning of the sections to which they respectively belong. Several of these 
papers I have not had access to, but have had to depend for my know- 
ledge of them on brief summaries and figures copied from them in various 
standard books of reference. This is, of course, unfortunate, as it has made 
less possible for the purpose of this paper a full comparative study of the 
different types of Lycopodium prothalli. 

I am glad to record my thanks to Dr. Charles Chilton, Professfor of 
Biology at Canterbury College, for the interest he has always shown in 
my work, and for his kind permission to use the biological laboratory of 
Canterbury College from time to time. I desire also here to recall and 
acknowledge the guidance of Professor A. P. W. Thorny, who first 
suggested to me, when working under him m the biological laboratory 
at Auckland University College, the study of the New Zealand species of 
LyoopoiUum. 

7— Trans. , 



Tranttxctiom, 

^ Sectiok Phlbobiaria. 

BiUardieri Spring; L. Billardieri var, gtacUe T. Kirk; L. E. 

Prpdr. , . 

LUer&ture. 

The first papers published on the prothalli of this section were those 
of Treub (14, 15) dealing with the four tropical species L. PMegmaria 
Linn,, L. carinatum Desv., L, Hippuris Desv., and L, n^mmvkLnfdium 
Blume, In a paper on the stem-anatomy of certain New Zealand species 
of LycopoMum I gave a very brief description of the prothallus of L, SU- 
la/rdMfi^ stating that it corresponded to the PMegmaria type (6), and Miss 
Edgerley a few years later (4) described it more fully, with figures. In two 
papers of the present series (7, 9) I have given certain details concerning 
the external form and the structure of this same 'prothallus and of the two 
allied forms L, BiUardieri, vat. graotle and L. varium. Literature dealing 
with two species of prothallus belonging to the closely related Eidggo section 
must also be mentioned — viz., Bruchmann’s two accounts (1, 2) of the 
prothallus of £. Sdago Linn., and a very brief descriptiop, with one figure, 
of that of L. J/ucidulum Michx. by Spessard (11). 

General Form of the Prothallus. 

The complete mature prothaHus of all these three New 2^aland forms, 
similarly to those of the four tropical epiphytic species described by Treub, 
consists essentially of a central body of tissue, which may be either bulky 
or more or less elongated, and a number of branches which arise adventi- 
tiously from this central body. In fig. 1 is shown such a complete mature 
prothallus of L, BiUardieri var. gracile in external view, the natural size 
being also indicated in the illustration. The central body of the prothallus 
as here shown is somewhat slender and elongated, a condition which I have 
found generally to be the rule in this variety. It possesses two complete, 
and also two broken, thin vegetative branches ; a young, stouter branch ; 
and also, nearer the forward end, a short club-shaped “ resting ’’ process. 
The two complete branches on the left side of the figure have begun to put 
forth secondary branches, while one has also commenced to expand at its 
growing end preparatory to there bearing sexual organs. The oldest end 
of the prothallus is intact, and shows clearly the original cone form with 
which the prothallus of the epiphytic type always begins. At the apex of 
the cone the cell first formed from the spore still persists. The main pro- 
thaUial body shows the presence of fungus in its internal tissues, this fungal 
inhabitai^t occup 3 dng the whole of the tissues in the dark basal cone-like 
region, but being more irregularly distributed farther forward. The fungus 
is also present in the vegetative branches, being there also somewhat irre- 
gularly distributed, and the single club-shaped resting process is very dark 
with it. The ends of the branches are all quite free of fungus and are 
translucent in appearance. The forward end of the main prothallial body is 
slightly more bulky than the rest, and is quite clear of the fungus. This is 
the main generative region of the prothallus, and bears paraphyses, archegonia, 
and also a yoimg plant. The whole prothallus is covered with long rhizoids 
inclining forward towards the growing apices, except on the terminal bidlr^ 
region, which is wholly devoid of them, and on the basal cone-like region, 
ftbm which they have decayed away, leaving only short, stubby pro-^ 
jections. The description of this particular prothallus in its external 
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appeamnoe will duffioe to iQua^t^ tke geaerti 
Zealaiid optph^ic 

£. Bward^ieri rai, graoUe growa abmidantly throughout l^^kaiii^ O 
sterna; of the tree-fern I>«?%sonia d^t^offosa, and it has also been, repii^^ 
from various other parts of New Zealand in the same situation. 



Fiq. 1.— L. BiXUxrdieri var. gracUe* Complete mature prothallus in general 
/ view, showing bUal cone ihtact, lateral branches, and plmitiot.^ 

X 18« The small figure represents this prothallus at f zmtural . 
. size. 


prothaUi and young plants occur more especially on the younger stems of 
the Dickaoma in between the bases of the stipites, which in this tree-fern 
run down the stem a considerable length before thejr begin to be overgrown 
by the mass of hard brittle aerial rootlets. It is in this more open part 
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Figs. 2-d. — L, BiUcurdieru Central body of mature prothalU in general view, 
complete except for basal cone, with old and also young branches, 
bearing sexual organs and paraphyses. Figs. 2, 3, and 6, X 25; 
fig. 4, X 10. " 

Fio. 3a. — JD. BUlttrdieri. Old antheridinm in surface jri&m 



in the New Zealand Species of hytiiip^ 1$7 

of the tree-fem stemrsurface that the prothalli axid plantlets of both £. BtZ- 
lofdieri var. gracde and of Tmesiptetis occur. As the tree-fern grow in 
height the covering of aerial rootlets spreads up the stem, and so plan^^ 
of increasing age have to be carefully dissected out from the mass of the 
brittle rootlets. The prothalli of this species of Lycopodium ate often to 
be found adhering closely to the Jhard black surfaces of the stipites, and 
are there readily found by tearing awiy the humtis and the debris of old 
tomentum which collects between the bases of the stipites. Their rather 
delicate, attenuated form is probably the result. of this particular position 
of growth. 



Fig. 0. — L. varium, ProthaUus in general view, showing central body and 
branches, and a young plant, x 10. 

Fig. 7, — lu varium, ProthaUus in general view, showing basal end, and young 
embryo in the generative re^on. x 10. 

Fig. 8. — L. varium. A branched “ resting ” process in general view. X 10. 


The prothalli of L. Billardieri, on the other hand, occur for the most 
part in masses of humus on elevated positions in the forks of the forest 
trees and of their main branches. The central prothallial body is generally 
more bulky than that'^of L. BUliardieri var. gracile, but otherwise the 
prothallus is identical both in appearance and in structure. With regard 
to the tropical forms studied by him, Treub states that the protham of 
L. Hippuris are much larger and thicker than those of L, Phkgmatia, while 
those of L. nummularifolium are exceedingly thin. These epiphytic pro- 
thalli have very much the appearance of a mass of root-ends, but a little 
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experience in dissecting soon leads one to detect the presence of a central 
region and so distinguish the prothalli iiom rootletis. Moreover, the 
root-ends and vegetable fibres so commonly to be met with in the humus 
are more dead-white or yellowish in appearance, the prothaDi in their 
fungus-free regions being somewhat translucent. Figs. 2-5 show the central 
bulW re^on of four prothalli of i. BUlardieri, from all of which the oldest 
basal re^on is absent. The distribution of the fungus is indicated in these 
figures by dark shading. It will be seen that the forward region of the 
central prothallial body is the most bulky, and is wholly free from ftingus. 
It is also quite devoid of rhixoids. It bears on one surface— the upp^r — 
paraphyses in large numbers, and also sexual organs. The archegbnia and 
antheridia are not intermingled, but occur in clearly defined zones arising 
immediately behind the growing apex of the prothallus. The surface 
appearance of an old antheridium is shown in fig. Sa, the ^ triangular 
opercular cell being a very distinct feature. The under-surface of the 
generative por|}ion of the prothallus is always quite naked and smooth. 

Lycopodium varium is closely allied to L. BiHardieri, but grows terres- 
trially and has a somewhat difierent habit of growth. Its prothalli are 
in every respect identical with those of L. Billardieri. Three prothalli 
are shown in figs. 6-8. That in fig. 6 bears a young plant : its basal end 
is not seen. That in fig. 7 shows the basal end dark and withered, and a 
very young embryo can be seen through the tissues of the forward generative 
region. In fig. 8 is shown a branched “resting” process. In none of 
these figures is the distribution of the fungus indicated. 


Position in the Soil. 

The prothalli belonging to these three forms have apparently no regular 
position relative to the surface of the soil in which they grow. The 
branches of the prothallus extend in any direction. Frequently they are 
inclined forward in the same direction as that of the growth of the main 
body, but this is not always the case. Bruchmann has shown that in the 
case of L. Selago the more deeply growing, elongated, cylindrical forms of 
prothallus . extend in a vertical direction towards the surface. This is not 
the case with the prothalli of the terrestrially-growing L. varium, which are 
quite similar both in their form and in their indefinite position of growth 
to those of the ordinary epiphytic species. The prothalli of L. Billardieri 
and of the two other allied New Zealand forms are, however, quite markedly 
dorsiventral in structure. The paraphyses and sexual organs are to be 
found only along the uppermost side of the prothallus, whether they occur 
on the central region or on the lateral branches. 

Early Stages in the Development. 

The youngest prothallus foimd by. me belonged to the form L. Billardderi 
var. gracUe, and is shown in fig. 9. This prothallus consisted of the first- 
formed, conical region, which was entirely infested with the fungus and 
was covered with the old bases of broken-o£E rhizoids, and a forwa^ trans- 
lucent region showing several young paraphyses and an antheridium im- 
mediately behind the apex. This younger portion of the prothallus also 
)x)re the usual long rhizoids. The fungus entirely pccupied the main portion 
of the prothallus- except in its epidermal cells. It also bore a young lateral 
process, on which rhizoids were beginning to arise by the outward growth 



of ^pi^a^nnul coUd, Tbis la^tial pioeesd itraa &eo of the ftmghs/ estdltpt^ 
oertam isolated subepidermal ceUs *wlueh iiy . at the ^$es 
rhiaoids. From this latter faet it is apparent that, at any rate When 
extension in length of a, branch is rapid, infeoticn m^y take p^ce fro%1 
without through the rhizoids, and that the dist^bntion of fungus througbcnit 
the prothallus does not take place simply throng its fdrward extension 
from the older regions. The originai apex of the oldest conical region 



Fia. 9. — L. BiUardieri var. gracik, A young prothallus complete, in general view. 
X 00. 

Fig. 10. — L, BiUardieri var. gracUe, Longitudinal section of the basal cone of the 
prothallus illustrated in fig. 1, wowing remains of spore on the first-formed 
cell X 170. 

Fig. 11. — L. BiUardieri var. gracUe, Longitudinal section of central body of mature 
prothallus, showing general arrangement of tissues, and also foot of young 
" plant. X 47. 

was intact, and the first-formed cells were clearly to be traced. Most of 
the mature prothalli of these epiphytic species which I found were incom- 
plete in their basal region, probably on account of the decaying-away . of 
these oldest tissues through age ; but I also foimd several mature prothalli 
both of L. BiUardieri and of the variety gracite in which the originab 
end was intact. This was th^ with that shown in fig. 1. A highly 
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magnified view of the lower portion of the conical region of this p^icular 

E rothallus is given in fig. 10, in which the remains of the original Spote can 
e seen still attached to the basal cell of the cone. Whether or not a' 
filament ever is formed from the germinating spore, as is known to occur 
in the prothalius of Tmesipteris^ cannot be here stated. The presei^ 
of the fungus in these basal cells serves to keep the latter from collapsing 
for a* considerable period, and if a filament is ever formed in the epiph 3 ddo 
Lycopodium prothalli one would expect that, as in the case of Tmesipteris^ 
it would nbt easily be lost. It is clear, at any rate, from fig. 10 that in some 
cases at least the germinating spore gives rise immediately to the cone- 
shaped tissue body. In his description of the prothalli of Z. Selago ahd 
Z. eomplanatum Bruchmann figures a single cell at the basal point of the 
prothalius. 

Main Body of the Prothalius. 

The main body of the prothalius consists essentially of two regions, 
the hinder vegetative and the forward generative region. There is no 
such differentiation in structure in the fungus-bearing tissues of the central 



Fig. 12. — L. BiUardieri var. gracile. Transverse section of basal cone of mature 
prothalius, snowing fungus throughout, also first branch in longitudinal 
section x 1 08. 

Fig. 13. — L. BUlardieri var. gracile. Transverse section of mature prothalius above 
basal cone, showing initiar development of the central strand, x 108. 

body of this prothalius as is fotmd in those of the clavatum and eomplanatum 
types. In these latter prothalli the fungal tissues are clearly marked 
ofP into cortical and palisade zones, and in the case of the New Zealand 
species Z. voluhile and L. fastigiatum there is also a wideband very character- 
istic zone in which the fungal hyphae are also intercellular, . The particular, 
tjrpe of structure found in these deeply-growing terrestrial types can be 
put in connection with the general habit of growth of the prothalius. 
This is the opinion expressed by Bruchmann in his description of the 
prothalli of Z. clavatum, Z. annotinum, and Z. eomplanatum (1^ pp. 18, 58). 
As will be seen below, even the prothalli of the Cernua section have attained 
to a certain degree of differentiation in their fungus-bearing regions. The 
fungus-infested cells in the main prothallial body of the three New 
Zealand species which belong to the Phlegmaria tj^e are aik practically 
similar to one another in their form and contents. In longitudinal section 
it is apparent that transverse divisions have taken place in them so that 



they. 

rat W 'febe ^irt^y“;p&kC«dV 

in formf ^ey are and 

narrower than #the oells of the togal monies (%^ 11). This ^ ' 
quite in accordane^ with the function of tramsloeation w^jch 
called upon to perfonn in th^ elongated prothalli. Certain cS tSbe 
epidennai cells grow out as rliizoids, a troasverse •' wall separating ^e 
rhizoid proper*from its parent cell. TiEie width of the fungal zone in the 
main prothallus body varies in different parts, but, generally speaking, 
it diminishes towards the growing region. However, if lateral branches 
are borne well forward on the prothallus the fungus will be found well 
forward also. The fungus is always massed around the b^^ of a branch, 
but in those portions of the main body which lie in between the branches 



Fio. 14. — L. BiU^rdieri. Transverse section of the prothallus shown in fig. 3, at the 
point c. X 60. 

Fig. 15. — L. BiUardieri. Transverse section of the prothallus shown in fig. 5, at the 
^ point a. Compare also fig. 2, c. X 60. 

Fig. 16. — L. BiUardieri, Transverse section of the prothallus shown in fig. 3, at the 
point a. X 135. 

the fungal zone may be no more than one or two cells in width. In the 
basal cone-like 'region the cells, which are all equidimensional, are all 
infested with the fungus, there being here no centrally-placed conducting 
strand. At the actual base of the prothallus even the epidermal cells show 
the presence of the fungus (fig. 10). Fig. 12 is a transverse section of the 
basal cone, showing the first-formed lateral branch in longitudinal section. 
It will be seen that in the central region in this figure the fungus is inter- 
cellular as well as within the cell-cavities, and the cells here consequently 
appear roundish, in shape. Farther forward still the centrally-placed cells 
are free from fungus and represent the beginning of the conducting-strand 
(fig. 13). Fig. 14 is a transverse section of the prothallus which is ^own in 
fig. 3 taken at the point marked c. In this region of the main body the 
fungus h^s extended forward so that it Underlies the old antheridia. The 
rhizoids are here ventrally borne, and the fungus is aggregated along the 
ventral side so that the prothallus shows a dorsiventral structure. Fig. 16 
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is a transverse section of the prothaQus shown in fig. 5 at oa, and represents 
the most forward position ooonpied by the fungus in this prothaflus. It 
will be seen that the fungus in the lateral branch which is also included 
in this figure is not in connection with that in the main body. The same 
figure would also represent in transverse section the appearance of the 
prothallus shown ii^ fig. 2 at cc. ^ 

The generative portion of the central prothallial body is always the most 
bulky, and shows no differentiation of its tissues whatever. Immediately 
behind the growing apex of the |irothalli shown in figs, 2, 3, and 8 
young antheridia are being produced. Fig. 16 represents a transverse 



Fio. 17. — L, BiUardieri. Transverse section of the prothallus shown in fig. 3 at ^e 
point 6. X 136. 

Fig. 18. — L, BiUardieri, -Transverse section of the dorsal side of the prothallus shown 
in fig. 2 at the point 6. X 136. 

Fig. 19. — L. BiUardieri. Oblique section through the prothallus shown in fig. 2 at 
the point a. x 136. 


section of the prothallus shown in fig. 3 at a. Fig. 17 is a transverse 
section through an older antheridial zone of the same prothc^lus at h, while 
fig. 18 shows the grouping of the archegonia in amongst the paraphyses 
on the prothallus illustrated in fig. 2 at hb. The sexual organs occur in 
large numbers in distinct zones. The close grouping of the antheridia, 
for example, is shown in fig. 19, which is an oblique section taken through 
the point of t|ie prothallus illustrated in fig. 2 at aa. The generative region 
in transverse section bears evidence of repeated cell'divisions, and the ceU 
nuclei and contents are very prominent, as if there had been extensive 
translocation of food material to this re^on of the prothallus. A longitudinal 
' seteon of the generative region shows that the extensive development of 
sexual organs and paraphyses along the dorsal surface brings it about that 






the actuar ^pi<ml is spzziewhat vehti^ally {>laoi^^ 

this forwanl i^gipp a prothi^^ sec^^v 

vegetative regipB is not inel^ed, as the prothaUlis was carved m 
The generative le^on in loa^tndinal section is also dioWn in 
and 34, botl^ of which prothalli bear a yotmg, developing plant. ' ■ ^ 



Fig. 20. — L, BiUardieri* Central body of the prothallus, showing 
generative region in longitudinal section, and also a 
laiteral branch. Basal cone of prothaUus not included. 

X 70. 

'' The Lateral Branches. 

The lateral branches or> vegetative processes arise from the main central 
body when the vegetative region of the latter is ceasing to cope with its 
main function of nourishing the growing generative region. The examina- 
tion of such prothalli as those given in figs. 1, 9, and 10 shows both that the 
rhizoids on the older portion of the main body have decayed away and 
that the fimgal coils in the cells of this older region have given place to tiie 
fungal “ spores.’* The cells are ftdl of these spores, which in all the old 

e othalli that I have examined do not seem to disintegrate further. The 
beral branches are thickly covered with rhizoids, and .show the presence 
of a; fungus distributed in the cells more or less along their entire length. 

The tissues of tiie branch are similar to those in the vegetative region 
, of the main body, except, of course, that in accordance with the smaller 
girth of the branch both the fungal zone and the centrally-placed con- 
ducting-strand are there correspondin^y less in width. Fig. 21 shows a. 
well-developed branch in transverse section, md fig. 22 in longitudinal 
section. In transverse section there is seen to be a central group of six 
fungus-free cells, surrounded by a single layer of larger fungus^bearing 
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Cells, some of which have divided. Outside this again is another single 
layer of somewhat smaller cells which may or may not contain the fungus, 
bounded peripherally by the epidennal layer, whose external walls are 
cuticularized. These same layers can also be distinguished in fig. 23 in 
longitudinal section. Thinner brandies show less cell>multiplication in the 
fungal zone. In longitudinal section it is apparent that the fungus- 
containing cells have divided transversely, so that they are more nearly 
equidimensional than those either of the central strand or of the epidermis. 
The fungus is present in the form of hyphal coils or clusters of oval dark- 
staining “ spores.” The fungus also extends between the cells, so that the 
latter are frequently roundish in shape. 

Sooner or later a branch will show a thickening of its tissues at the apex, 
and on this swollen region paraphyses and sexual organs will arise (figs. 6, 
23, 24). Such a swollen region wiU be free from the fungus, but the hyphal 
coils are often aggregated very thickly in that portion of the branch which 
lies immediately behind it (fig. 24). It is always antheridia which are first 
formed in such branches, the archegonia occurring only on the mainv central 
region of a prothallus. Hpwever, a branch may thicken and develop to 
such an extent that it practically becomes a new prothallus. Probably not 
a few mature prothalli have arisen not from the germination of a spore, 
but by a branch having become detached from an older prothallus and 
having gone on growing in thickness. Such a branch will put forth lateral 
branches, and will eventually bear archegonia as well as antheridia on its 
main body. This will account for the fact that most of the mature pro- 
thalli found by me did not show the typical cone-like basal region. They 
are in fact prothalli which have arisen adventitiously. Fig. 27 shows in 
external view the terminal region of a stoutish branch of L. Billardieri var. 
graoile which has begun to develop antheridia and paraphyses. Some of 
the detached branches which are dissected out of the humus are imperfect 
at both extremities, a fact which indicates that they may persist in the 
humus and remain self -nourishing for a considerable time. 

In dissecting out prothalli of these species oi Lycopodium from the sub- 
stratum in which they lie, one frequently comes across detached prothallial 
branches which have probably arisen by the decaying-away of the parent 
prothallus. Three such branches of L. Billardieri var. gradle are shown in 
figs. 28-30. In this particular species these branches are frequently very 
long and thin, and they may show the presence of paraphyses along 
extended portions of their len^h. Lateral branches frequently bear short 
club-shaped processes, sometimes in great numbers (fig. 30), which are 
quite dark with the fungal inhabitant. These proceeds are to be regarded 
as “ resting ” processes, and they may occur also oh mature prothalli of 
the ordinary kind (figs. 1, 11). They are frequently met with detached in 
the humus, and are either of a simple nature or are branched (figs. 8, 26). 
The actual apex of the resting process is white and clear of fungus, but the 
rest is very dark, being thickly infested with it. Fig. 31 represents sucK 
a resting process in transverse section, from which it will be seen that the 
central cells contain the fungus as well as those more medianly situated, 
and that the fungus is intercellular as well as intracell^r. The apex of 
one of the branches oi the stout resting process shown in fig. 26 is given 
in longitudinal section m fig- 32. Immediately behind the apex the fimgus 
is hyphal only and does not penetrate between the colls. Farther back, 
however, the hyphal coils have to a large extent been replaced by the 
spores,” and the fungus is also intercellular. Instances may be met witjh 




Via, 21. — L. BiUardieri. Transverse section of lateral vegetative branch, x 170 

Fia. 22. — L, BiUardien var. graeiU, Longitudinal section of a lateral vegetative 
branch. X 170. 

Figs. 23, 24. — L, BiUardieri var. gradU, Swollen ends of latend branches, bearing 
antheridia and paraph jses, in general view. X 22. 

Fig. 25. — L, BiUardieri var. grakU, Branched detached “resting** process, in 
general view, x 22. 

Fig. 20.— L. BiUardieri var. granite* Detached ‘ ■ resting ** process in general view, 
showing initiation ad renewed growffli. ^ x 22. 



Fm. 27. — L» BiUardieri var. gra^c^ Growing end of lateral branch 
in TOneral view, showing apical meristem, yoting anthetidia, 
and paraphyses. x 

FtOB. 28-*S0. — Li BiUardieri var. gracUe, Detached branches in 
general view, bearing p€ura|hy8^ and club-shaped resting ” 
processes, ai^ showing disposition of fungus, x 7 


in whick^a resting procei^ is resuming its extension inlengt^^ GlmHirmy 
it proceeds immediately to form paraphyses and antherHia (fig; S^j/and 
pi&bably develops ultimately into a large prothallus. Thus these i^e 

able to propagate themselves vegetatively. In this connection it tdH be 
remembeiM that Treub has desc^bed a rather difierent mode of vegetait^e 
propagation in the prothallus of L. PUegmaria, \ ^ ^ ^ 



Fio. 31. — L. BiUardieri var. ffracile. Transverse section of a " resting *’ process. . x 135. 

Fia. 32.— L. BiUardieri var. gracile, . Longitudinal section of one of the apices of tbe 
“ resting ” process shown in fig. 25. X 135. 

Fio. 33. — L. BiUardieri, Longitudinal section of a very young lateral branch x 135. 

Fio. 34. — L, BiUardieri var. gracile, longitudinal section of the generative re^n of 
the main prothalli^ body, showing susponsor, foot, and first rpot of plantlet 
in longitudinal section, x 42. 


Position of the Meristem, 

In the young prothallus of L, BiUardieri var. gracile shown in fig. 9 it 
i s apparent that the meristem is confined to the actual apex, and that more 
than one of the apical cells are meristematic. This position and form of 
the meristem holds throughout the life of the prothallus of this particular 
type. In fig. 27 are shown the growing tips of lateral prothallial branches. 
However irregular ,in shape the central body of the protballus maybe, there 
is always a forward growing end to be found where the meristem is localized. 
In the prothalli shown in figs. 2-5 the growing apex is easily to be distin- 
guished, but it is not always so apparent. As 1 have mentioned above, the 
rapid formation of sexual organs behind the growing apex generally brings 
it about that the merietematic cells are somewhat displaced from the actual . 
apex of the prothallus and lie slightly towards the underside, this being- 
apparent in the longitudinal Section shown in fig. 'Again, 1 must add " 
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that in this particular iSgure the hinder region of the prothallus is noi cut 
longitudinally, so that, although the fungal tissue in the figure seems to bear 
some relation to the meristem this is really not the case. In the branches 
in which the fungus is found almost throughout the entire length it is absent 
from the whole of the tip of the branch, even in th6 case of the “ resting 
processes which are so packed with fungus (fig. 32). Thus the growing tips 
always appear clear and translucent. A lateral branch arises adventitiously 
on the central prothallial body by one or more of the externally-placed 
cells of the latter setting up a local meristem. This can be seen from 
figi 33, which shows in longitudinal section a very young lateral branch 
being formed alongside some old paraphyses. At first the process extends 
in length by the activity of a single triangular apical cell (fig. 33), but 
pibbably very early the apex broadens and more than one cell becomes 
meristematic. * Miss Edgerfey states that at the tips of the branches she 
found two initials (4, p. 105). 

Relation of the Young Plant to the Prothallus, 

In the epiphytic species, whereas the ahtheridia are frequently borne on 
certain parts of the lateral branches as well as on the central body of the 
prothallus, the archegonia are borne on the latter only. At the same time, 
it will be remembered that this central body may not have grown directly 
from the germinating spore, but' may have originated by the development 
of a detached branch. This central body of the prothallus, hs has been 
described, consists of a hinder vegetative region and a forward more bulky 
generative region, and it is to the latter that the young plant is attached 
(figs. 1, 6, 7, 11, 34, 36, 37). Not infrequently more than one developing 
plantlet is attached to the same prothallus (fig. 37). 
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Flos. 35-37. — L, BiUardieri var. gracile. Prothalli bearing one or more 
young plants, in general view. Fig. 35, X 3 ; figs. 36 and 37, x 6. 


The prothallus, being placed well below the surface of the humus, is 
called upon to nourish the young plant altogether until the latter can reach 
the surface and produce its first leaves. The naked stems of the developing 
plantlets are sometimes as much as ^ in. long before they reach the light. 
In accordance with this considerable degree of dependence of the young 
plant upon its parent prothallus, that part' of the base of the plant which 
IS in contact with the prothallial tissues functions as an absorbing fdot.” 
This foot is a well-marked feature, in the plantlets of the epiphytic species, 
although it does not there assume so large a size as it does in the plantlets 



which are borne on the and eomplana^m ty^s of prdtibiiyii^ 

these latter species the prothallus is still more deeply buried, and the leaves 
on the young intern are also no more than scal^, so that the prothaUtui 
-functions as the source of food-supply for a lengthy period. The size pi the, 
foot in the New Zealand epiphytic species can be seen from figs. 11 ai^^Si, 
the foot being in transverse section in the former figure and in longitudinal 
section in the latter. There is a well-defined epithelial cell-layer around 
the*^ periphery of the foot where the latter is in contact with the prothallus, 
and the outer walls of these epithelial cells are strongly defined, staining 
darkly. The adjoining prothallial tissue is small-celled andxontains abundant 
protoplasm and darkly-staining nuclei, extensive cell-division having taken 
place here contemporaneously with the development of the plant. The 
central cells in the foot are large, with their long axes directed towards the 
stem-apex. All of these features, of course, point to thh fact that there 
is a well-established translocation of iood material from the prothallus 
into the developing plantlet, and that the epithelial layer functions as an 
absorbing tissue. 

The fet root develops comparatively late. It may be recognized as a 
conical outgrowth at the base of the stem on the side which lies away from 
the prothallus even before the stem-apex has reached the surface of the 
soil, but it never seems to develop farther until the first leaves are being 
produced. Fig. 34 shows the first root in longitudinal section, it being 
apparent from this figure that the main vascular tissues of the stem lead 
down bodily into the root, while just a few narrow conducting-elements 
connect the former with the central tissue of the foot. Fig. 34, whiph is 
a drawing of the young plant of L. BiUardieri var. gracile, is strikingly 
similar to the figure which Bruchmann gives of the young plant of i. Sehgo ' 
(1, pi. 7, fig. 43). I have observed a number of young plants of the New 
Zealand epiphytic species in this condition, so that it may be taken as 
representing characteristically this stage in the development of the young 
plant and its mode of dependence upon the prothallus in both the Selago 
and Phlegmaria sections. 

Treub stated that in the young plant of L, Phlegmaria he had found an 
indication of a swelling which he regarded as a rudimentary protocorm. 
Bower, however, has questioned this, and Treub's statement has never been 
established. I have ^und no indication of a protocorm in any of the three 
New Zealand species which belong to this section of the gemis. In his 
Origin of a Land Flora Bower says that he regards the Sdfigo and Phlegmaria 
t3^e of embryo plant as being the primitive type for the genus, as it 
certainly is the most simple. The davcUum and complanatum type of 
embryo, he says, is hot very dissimilar to it, but has become more modi- 
fied through the large development of the foot consequent on the deeply 
subterranean habit of the prothallus. The oemuum-inundatum type of 
embryo stands rather by itself. The intraprothallial swelling called the 
“ foot ” is here practically absent, but instead there is the extra-prothallial 
swelling which Treub called the ‘‘ protocorm.** Bower and others hold 
strongly that the protocoMn is not a primitive character, as Treub had 
supposed, but merely a phj^iological modification, 

f Details of ihs Fungal Symbiont. 

A symbiotic fungus occurs very commonly throughout the Pteridophyta 
in the subterranean forms of prothallus, and it h^ been carefully studied 
in most of those species of Lycopodium of which the prothalli are known. 



Sfl<i Tranmetions, ^ 

in the three New Zealand apcies dealt^ with above it is present at the actual 
base of the prothallus, having entered probably very early in its develop- 
ment. It occupies the whole of the tissues in the basal oone e:!Coept at 
the meristematic apex, being found even in the epidermal cells at the basal 
point (figs. 1, 9). .At first the fungus is in the form of hyphal coils which 
are in actual connection with the mycelium in the outside soil by meaiw of 
h 3 ^hae which are to be foimd running through the rhizoids. As these 
rhizoids die off from the older parts of the prothallus, each being cut off 
at its base by a strongly thickened transverse wall, the fungus in these 
older regions becomes isolated from that in the soil, and probably ceases 
to function. The fungal coils soon disappear in many of the ceUs, their 

r lace being taken by clusters of darkly-staining oval “spores’* (fig. 10). 

do not l^ow whether or not “the fungus is at all used up by the growing 
prothallus, but I should say not, as in even mature prothalli the cells in 
the basal cone are still occupied either by the coils or by the “ spores.” 

A little forward from the basal cone the fungus has begun to penetrate 
between the cells as well as occupying their cavities, so that the cells appear 
roundish in section. ^ It is especially present in this intercellular position 
at the centre of the prothallus, and produces its spores there also (fig. 12), 
A little higher up the prothallial body the fungus becomes more localized, 
avoiding the central core of cells which has begun to function in the 
traniilooation of food material. The cells of this fungal zone throughout 
the vegetative portion of the main prothallial body preserve their ordinary 
form and are in no way altered by the presence of the fungus. Their nuclei 
also appear large and healthy, showing that the fungus has exercised no 
harmful effect, I have not b^en able to distinguish ha these prothalli the 
multinucleate vesicles which have been described as occurring in the fungal 
zone in the prothalli of the davatum and complanatum types. All that are 
here apparent are the dense hyphal coils and the clusters of spores. As 
the prothallus growsj the fungus pushes forward, always occupying its 
particular zone, except that at length when the sexual organs and para- 
physes are initiated it is confined to the ventral side of the prothallus 
body (fig. 14). In the forward, bulky, generative region the fungus is 
altogether absent. Its most forward position is shown in (fig. 15), and it 
will be observed that even here the coils, have begun to be transformed 
into the spores. >ii 

The fungus is also present in the lateral branches, being confined there 
also to a particular zone, avoiding the centrally-placed conducting-cells 
and the epidermis. Here, too, it is intercellular as well as intracellular, 
and the clusters of spores are a well-marked feature (figs. 20-22). The 
distribution of the fungus in some of the long thin branches is discontinuous 
(fijg. 1), from .which it would appear that fresh infection can take place 
from without through the rhizoids (see also fig. ^9). In those stouter 
branches which have begun to form sexual organs and paraphyses the 
fungus is only present along the opposite side of the branch (figs. 28-30), 
the branches thus being bilateral. Sometimes it is to be noticed that when 
a branch is beginning to swell at the apex preparatory to the formation of 
antheridia the fimgus is thickly aggregated immediately behind this point, 
there occupying the whole of the tissues of the branch (fig. 24). The 
“resting” club-shaped branches are always very densely infected, there 
being no long narrow central conducting-cells (figs. 1, 25, 26, 30). The 
actu^ apex of the resting process is, of course, clear of the fungus, but 
the* latter reaches right up behind the apex, b^g found there as dense 



fungd oojb (fig^, 31,. 32)- Thjoiigfeout the gteater portion of refitiiig 
processes the coils have ^ven place to the clusters of spores, as takes pla^ 
also in the other parts of the prothailr^t. 

I have not been able to trace how the spores are formed, or ^en 
' what is their exact nature. It seems unlikely that they are used up b^ 
the developing prothallus as food, for they are more thickly present in the? 
oldest parts of the prothallus than elsewhere. Nor have I observed the^ 
presence of oil globules in the fungal tissues, which is so well known a' 
feature in the prothalli of the clavatum and exwptomnnm, types. Probably 
the, prothallus benefits from the# fungus only when the latter is in the form 
of hyphal coils, these coils being in direct connection with the external 
mycelium. The rapid growth in length of the prothallus and its branches 
accounts for there being no storing-up of food material in any of its 
vegetative parts. Even in the hvdky generative region I have not been 
able to discover the presence of starch, although it is possible that it may 
there be present at certain stages in the development of the sexual organs 
or young plant, but there is abundant protoplasm and the nuclei are very 
large in the cells around the growing apex. The younger regions of the 
•^lateral branches are probably self-nourishing, in this matter being quite 
independent of the older parts of the prothallus. In fact, isolated branches 
or portion of branches are capable of continued growth, this being a very 
common method of propagation in these epiph 3 rtic species. The central 
conducting-strand in the branches functions in the translocation of food 
material from the younger regions of the branches down into the main 
prothallial body, the fo^ being there needed in the forward generative 
region. 

Miss Edgerley figures the clusters of spore-like bodies, stating that she 
found them very commonly in L. BUlardieri, but that she observed no 
nucleated vesicles (4, p. 109). ^ 

Comparison of L. Selago and L. Billardieri (<fec.). 

In his description of the prothalli of L. Selago, Bruchmann (1, pp. 87 
et seq.) shows that the more compact surface-growing forms which are 
, found in this species possess a ring-like marginal meristem. This bears a 
close resemblance to that which is found in the prothallus of the clavatum 
and complanatum types. The elongated prothalli of L, Selago are found 
in deeper soil, and possess, according to Bruchmann, an erect position 
of growth, as if striving to reach the surface. Bruchmann derives the 
pec^iar growth of the latter from the ring-like marginal growth of th^ 
former, Stating that the apparently apical meristem of the elongated forms 
represents a part of the margin .which has grown forward. It will be 
necessary to compare this manner of elongat^ -^owth with that which 
takes place in the prothalli belonging to the PUegmaria section. 

The prothallus of both L, Sehbgo and L, Billardieri (&c.) starts with the 
cone form, the cone being from the first richly occupied by the fungus. 

■ Judging from the arrangement of cells at the lowest part of the cone, 
groA^ at first takes place from a single apical cell, but this probably 
soon gives place to a group of- apical meristematic cells. The girth of 
the cone is also probably increased by cell-divisions taking place in all the 
body-cells stimulated by the presence of the fungus, Ftom this point 
onwards the further growth of the prot! alius could either result in the 
extension of the cone form or the prothallus could pass out of the cone fprm 
into an elongated, cylindrical form. The first of these methods seems to 
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be the normal rule in L, Selago — at any rate, in its surface-growing forms — ' 
and the latter in the prothallus of the PMegmaria section.. It is signifi- 
cant to note that both .these methods of ^owth are represented in thos^ 
New Zealand species which belong to the Cer^ua section, and which are 
described later in this paper, although in these species they are not so 
clearly differentiated as in the former. The prothalli of the PMegmaria 
section represent the extreme attained within the genus by the elongated, 
cylindrical type of growth, and the prothalli of the clavatum and com- 
planatum sections represent, on the other hand, the extreme attained by 
the continued cone-like manner of growth, * The prothalli of X. Selago y as^ 
Lang has pointed out (10, p. 306), show that these two main types are 
not fundamentally dissimilar, for they both here occur in the same species. 
In saying this, hoWever, it must clearly be remembered that, according 
to Bruchmann’s account, the elongated, cylindrical forms of the X. Selago 
prothallus do not altogether correspond to the elongated prothalli of the 
PMegmaria section, for growth in them is not truly apical,* but is rather 
a one-sided marginal extension from the cone. The elongated prothhllus 
of X. ramuhsum, as will be shown, is really more comparable to the . 
prothallus of X. Phlegmaria, &c., although, even here, the comparison is 
not an exact one. The elongated bilateral extensions from the basal cone 
in X. Selago are better compared with' the flattened extension from the 
margin which Bruchmann described and figured in X. annotinum (1), being 
of the same nature but much more pronounced. 

The more compact surface-growing form of the X. Selago prothallus is 
nearer to a self-nourishing, chlorophyllous type of prothallus, which must 
certainly be regarded as more primitive than a wholly saprophytic one. 
The very young prothallu^, as has been said, begins with the cone form, 
and next has to set apart a central conducting-core which reaches up 
b^ind the actual growing apex. The apex, of cour&e, will be more or less 
conical in shape, and at this stage is certainly not broad. If the pro- 
thaUus does not proceed to elongate rapidly, the stimulation to increase 
in size will be largely confined to increasing its girth, and this will take 
place not only by a broadening of the apical mersitem, but also by divi- 
sions taking place in the body-cells generally. At the same time the 
fungus-free central core will extend in width as the apex broadens and 
the prothallus slowly extends in length, imtil it assumes above the form of 
a cushion of tissue. If chloropyhll is developed in it, this upper cushion 
will contain a general distribution of starch. In proceeding to explain 
how the original apical meristem could become transposed to a marginal- 
'ring it seems not unnatural to suppose that as the, upper fungus:free 
tissue becomes more bulky, and so loses the tendency to a localized 
concentration of food material, the stimulation exerted by the supply of 
food is felt more in those parts of the prothallus -where the fungus is 
youngest and therefore in its fullest functioning power. This will naturally 
be along the upper margin of the enveloping fungal zone which extends 
as a ring aroimd the prothallus. Here, then, the meristematic activity - 
of the prothallus will be localized. As the prothallus still continues slowly 
to increase' in size the fungus will push forward bit by bit into the more 
newly formed cells, the prothallus still retaining the original cone form. 

V In the surface-growing prothallus of X. Selago this is what happens, 
and the sexual stage is fairly early initiated, the antheridia and later the 
arohegonia arising from the meristem. A comparative study of the* pro- 
tfialli of the different species of Lycopodium shows that the cone type of 
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structure exhibits modifications in tbe different sections of the genus which 
are quite in accord with the conditioiis under which the potb^ of those 
sections live. There is no need for the surface-growing j^othafii oi 
L. Sela^o to increase in length, for they soon reach the Tight. S^r is 
there any great storing-lip of food in their tissueiij for tbe young pWt 
when formed can quickly attain independance. Again, it is probably the 
inherited tendency towards the chlorophyllous, self-nourishing conditioil, 
which is strong in the prothallus of this species, which causes the more 
deeply buried individuals to adopt the peculiar and extensive prolongation 
of the upper margin of the cone into the cylindrical, bilater^al, erect branches 
in the effort to reach the light. ' In the altogether subterranean humus- 
loving prothalli of the Phlegmaria section the chlorophyllous habit has ^ 
been completely lost, and the direction of growth of the. prothallus bears 
no relation to the surface of the soil. These prothalli are greatly elongated 
and branched, and the extensive development of long rhizqids, as in the case 
of the humus-growing prothalli of Tmesifteris and Psilotuniy shows that it 
is necessary for the fungus in the prothallus to be brought into intimate 
contact with as large an area as possible of the humus for its nourishment. 
The method of elongation is here altogether different from that adopted by 
the underground prothalli of L. Selago. Starting from the cone form, the pro- 
thallus quickly passes into the cylindrical form without increasing its girth, 
the meristem continuing in the original apical position throughout the life 
of the prothallus. In this way the main prothallus body is formed, that of 
L. BUlardieri var. gracile being more elongated than that of the other species 
examined. The somewhat bulky nature of the forward generative portion 
of this body of tissue goes hand in hand with the need for the prothallus 
to support the young plant for a longer period than in the case of the 
prothallus of L. SelagOy owing to the correspondingly greater depth at which 
the former is buried. The lateral branches arise adventitiously from any 
part of the main prothallial body and grow from an apical meristem. 
They are primarily vegetative, the sexual organs being borne normally 
on the central body. The latter in its generative region possesses a 
bilateral structure which is always dorsiventral, the sexual organs being 
home only on the upper side. Here again this is not strictly comparable 
with the bilateral structure of the processes of the L. Selago prothadlus, 
for in the latter it is, according to Bruchmann, simply carried over from 
the margin of the original basal cone and always bears evidence of this. 
Thus the modification of the original cone form in the epiphytic prothalli, 
as in those of X. Selago, is best explained in the light of the conditions 
under which the prothalli live. 

The structure of the prothallus in tbe New Zealand species belonging 
to the Cernua section, and the modifications which there occur, will be 
considered in the next section of this paper, and a general comparative 
survey, including also the structure of the prothallus of clavaium onA 
complanatum types, will be instituted in the concluding remarks. 

Sbchon Cernua. 

' X. cernuum Linn. ; X. laterale E. Br. Prodr. ; X. ramiUostm ,T. Kirk, 

Literature, 

In 1884 Treub (13) published his account of the prothallus of X. cemuum^ 
Guebers (5) account of the prothallus of X. murdatum followed next in 1887, 
and in the following year Treub (15) described his laboratory cultures of 
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prothalhis of L. salakense. In 1902 Thomas (12) published ,a pre> 
limina^ account of the prothallus of PhyUoglosmm, In 1910 (6) I not^ 
the fact that I had found the prothalli of both L. cernuum and L. UUerale 
injNew Zealand, and stated that the latter Was of the cemuum type. In 
Part I of the present series of papers (7) I described and figured the 
external form of the prothalli and the sliucture of the young plant of 



Fig. 38. — L, cemuum. Prothallus showing in general vieW' lower part of shaft with 
two fungal regions, x 32. 

Fig. 39. — L. cemuum. Lon^tudinal section of prothallus shown in fig. 38. x 32. 

Fig. 40. — L. cemuum. Longitudinal section of prothallus, showing double b^l tubercle 
and thick, short shaft, x 50. 

Fig. 41. — L. cernuum. Longitudinal section of upper fungal region of a prothallus, with 
lateral group of lobes, x 50. 

both these species, and also of L. rafnulosumj noting especially the variations ^ 
in form to be found in the prothallus of the latter. In 1917 Chamberlain (3) 
gave a brief description, with figures, of the prothallus and youn^ plant of 
X. laterede from material which he had obtained in New Zealand. Ijastly, 
in a fiiird Part (9) ^ have ^enumerated the nq^^in results of my study of the 
three New Zealand secies which belong to the Cemua section in connection 
with the plasticity to be observed in the genus as a whole. 



Oefieral Form of 1M ProthaUus, . 

X. (»mtttm.— The typical" prothaili^ of X. cemmm eoiisiBte/ acwfdiw 
to Treub, of a bftsal ‘‘ primary tuberck,” a longer or shortiMr shi^ aitolj 
a crown of lobes, imm^ately benea^ which lies the meristem |i|id tlto 
sexual organs. The prothallus is racial in build, erect in giov^h, and- 
situated at the surface of the soil, being green in its lobes and in the npp^ 
portion of the shaft. It is the most delicate and the smallest of all 'die 
type» of Lycopoddvm prothalU, the allied X. salakmse possessing d still zhons^ 



Fia. 42. — L, cernuum. Longitudinal section of prothallus of intermediate length. X 5(h 
Fiq. 43. — X cearnnum. Longitudinal section of basal fungal region of protfaaUue, 
showing lateral extension, x 50. ^ 

Fio. 44. — L. cernuum. Longitudinal section of prothallus of thick, short form, x 32. 
JB^q. 45. — X cernuum. Longitudinal section of meristematio region of prothallus, with 
a fertilized archegonium. X 50. 

filamentous prothallus. Some of the prothalli of this species which I have 
foun(^ are comparatively long (7, fig, 17, and fig. 38 in the present paper). 
That shown in the latter of these two illustrations was broken at its upper 
extremity, 'so that I do not know its complete length. In others, again, 
shaft is short and thick, and the general appearance of the prot]^llus more 
massive (7, fig. 20, and figs. 40 and 44 in the present paper). Forms of inter* 
mediate length are shotm in a luevious paper (7, figs. IS, ]^9, and 21) and 
in fig. 42 of the present paper. I have ako found a considerable amounlf 
of variation in the distribution of the fungus, and, since die fun^l regions 
are always more or less swollen, there is a corresponding variation ih the 
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general form of the prothallus. There is sometimes a single basal tubercle 
of rounded form (7, figs. 17-20); or this' basal fungal region may be 
"extended laterally for a distance up one side of the shaft, thus giving to 
the prothallus a somewhat lop-sided appearance (7, fig. 21, and figs. 42-44 
in the present paper). Again, there may be a second fungal region quite 
unconnected with the first and situated higher up the shaft (figs. 38, 39, 
41). Lastly, there may be two distinct fungal regions situated side by 
side, the two constituting the basal portion of the prothallus and giving 
it a markedly thickset appearance (fig. 40) I have sectioned several 
prothalli which showed this latter form. Rhizoids are borne on both 
fungal swellings in those cases in which two are present. The lobes 
which are borne at the crown of the prothallus are flattened extensions 
(7, figs. 17-21), being generally not more than one to three cells thick in 
transverse section (figs. 40-42). In one or two instances 1 noticed from my 
serial sections that there was a group of lobes situated laterally on the shaft 
of the prothallus. In fig. 41, this is seen to be associated with the uppermost 
fungal region, as if the formation of this second fungal zone had initiated 
a meristematic activity in the adjoining regions of the shaft. The thickest 
part of the prothallus is always that situated at the base of the crown of 
lobes. Here is the meristem (figs. 42, 45) from which the lobes have 
arisen, and by whose continued activity the shaft of the prothallus can be 
extended in length and its upper region in width. . Here, too, the sexual 
organs are to be found and the young plantlets (figs. 40, 44, 45). I have 
never found the chlorophyll extending much more than half-way down 
the shaft. Sometimes the lobes aa:e bright green, or they may show a very 
slight tinge of colour or be quite colourless, this variation possibly depending 
simply upon the age of the prothallus. 

L, laterale , — The prothallus of this species corresponds very closely with 
that of L, cernuum, I have not found that there is such a marked 
variation in the length of the shaft as is to be found in the latter species, 
the majority of the prothalli of L. laterale being more of the intermediate 
length (7, figs. 13-16, and pi. 17, fig. 3). The longest prothallus I have 
found is that shown in fig. 46. One prothallus of a very large size is 
shown in fig. 48. It was exceedingly massive in form, and of irregular 
growth. Its greatest length was in a horizontal direction, and it possessed 
a crown of irregular short lobes all along the top. It was almost colourless, 
though perhaps this was the result of its age. It bore a young plant which 
was. of a bright-green colour, the foot of the plant also being bright green 
and showing very conspicuously through the prothallial tissues. Chamber- 
lain (3, p. 57) states that in the prothalli of this species examined by him 
he found no sharply differentiated primary tubercle like that described 
by Treub in L. cernuum. From his figures it Would appear that this was 
because his prothalli are rather of the short, thickset form. The basal 
tubercle is always more distinct when the shaft is well developed. I have . 
found that, as in L. cernuum, the basal, fungal region may extend laterally 
for a short distance up one side of the shaft, thus giving a lop-sided 
appearance to 'the prothallus as a whole (7, fig. 13). Also, as in the other 
species, there is sometimes a second fungal region higher up the shaft and 
quite distinct from the basal tubercle (fig. 47). The leafy expansions on 
the crown of the prothallus of L, laterale are more filamentous and less 
lobe-Jike than those of L, cernuum (7, figs. 13-16, , and pi. 17, fig. 3, and 
figs. 46 and 47 in the present paper). This appears also from Chamber- 
iaun^s figures. A large proportion of the prothalli examined by me showed 
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Fia. 46. — L, kUerale. Longitudinal section of prothallus and young plant. X 42* 

Fio. 47. — L. laterale. Longitudinal section of prothallus, showing lobes and 
shaft, with an upper fungal region, x 42. 

Fig. 48. — L. laterale^ Large massive prothallus with yoi:^ plant in general 
vi§w. Also a very yoimg prothallus entangled in the'rhizoids of the 
former, x 16, 

Fig. 49. — L. laterale. The very young prothallus shown in fig. 48. x 70. 
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a lateral group of lobes borne on tbe shaft. I previously thought* that 
this was a distinguishing feature between the two species L, cermvm and 
L, laterdlej but have since found it also in the prothalli of the former. In 
one of the figures given in Part I of this series of papers (7, fig. 16) I showed 
jthat a long, thin, club-shaped process is sometimes to be found attached 
_ to the basal tubercle of the pro- 

thallus of L, IcUerale, and I there 
expressed the opinion that this 
was ‘ the first-formed part of the 
prothallus, as it so often is also in 
the prothallus of L, ramdosurh. 
My serial sections of this prothallus 
unfortunately do not make this 
satisfactorily clear, but none the 
less I feel confident that this is 
the right interpretation. The base 
of this first - formed process (7, 
fig. 16) shows the presence of the 
fungus, and it may be compared 
with the corresponding parts of 
If. ramulosum illustrated in the 
present paper in figs. 52-54. As 
in L. cernuum, the prothallus of 
L. laterale is normally short-lived, 
having decayed away by the time 
that its plantlet developed two 
or three protophylls. ftobably 
the large size of the prothallus in 
fig. 48 was due to the fact that for 
a consideralble time no embryo was 
formed on it. Moreover, in this 
case, on account of its large size, the 
prothallus would persist attached to 
the young plant for a much longer 
time than usual. 

L. ramulosum . — The prothalli of 
this species vary very remarkably, 
both in form and structure. I 
have discovered these prothalli m 
several difierent localities add in 
considerable numbets, and so am 
able to give a fairly complete ac- 
count of their typical form and of 
the variations of it. The prothalli, 
Fm. 50.--L. ^mplete matui© other species belonging 



prothallus of elongated fom in general T 

View, lowing Mveral swoBan ftmgal cernuum type, are more or 

regions, x 80. ' less green in their upper regions, 

being situated at the surface of 
tte ground. Some of the prothalli of this species are very similar to those 
of L. cernuum, while others show on the one hand the elongated and on 
tile other hand the compact, massive habit which I have described as 
opourring both in L. cernuum and in L, laterale, hut here to a much mow 
marked extent. Figs. 60-56 illustrate prothalli of the elongated form 
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and figs. 56~fi0 prothalli of the compact, massive build. Some of these 
figuies were given in Part I of the present series of papers, but are here 
reproduced in greater detail. Photos of three elongated prothalli of this 
species in general view are also given ih Plates XII, XIII, and XI’^ and 



Fig. 51.~L. ramuloaum. Complete mature prothaUus of elongated' 
form in general view, showing several fungal regions’and 
a young plantlet. x 30. * . 

a photo of a more massive prothaUus with its young plantlet is given in 
longitudinal section in Plate XV. The prothaUus shown in Plate XII is the 
sam^ as that given in fig. 60. 

In the elongated forms the fungal irejgions may be swoUen so as tp 
present the form of rounded tubercles, or, again, they may be scarcely^ 
swoUen at aU. Each fungal region invariably bears a group of rhizoids« 
In the massive forms the prothaUus may be compact and show a certain 
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Bimilarity in general appearance to the surface - growing forms of the 
L. Sdago prothallus, or they may be so irregularly extendi in length that 
their build is difficult to distinguish. ,In elongated forms, along with 
the development of a number of fungal areas, there goes a corresponding 
. development of several distinct generative regions bearing sexual organs 
and filamentous or lobe-like processes. Frequently, in this latter form 
of prothallus, the first-formed generative regions are brown and withered, 
suggesting that the prothallus had resumed growth on one or more occa- 
sions at the close of a dry period or on account of there being no embryo 
developed. I have always found that a young plant when present was 
borne on the last-formed region of the prothallus, so that growth in length 
is apparently not continued after the development of a yoimg plant. The 
prothalli sometimes persist attached to the developing plant for a much 
longer time than in L. cemuum. I have found several instances of a healthy 
prothallus still attached to a plantlet which showed as many as seven or 
eight protophylls along an extended protocorm. The lateral processes are 
sometimes filamentous, and at others short and lobe-like. Owing to the 
fact that the prothallus of L, ramulosum is so variable in form, it is 
impossible to give many details in a general description of it. I will now 
proceed to enter more into detail in connection with iihe particular 
individuals figured in this paper. 

The prothallus shown m fig. 50 and in Plate XII possessed five fungal 
areas, quite distinct from one another, each being swollen and rounded in 
form and bearing a group of rhizoids. There are two generative regions 
showing the presence of archegonia and bearing filamentous processes. The 
basal fungal swelling bore no evidence of any original filamentous stage, and 
was probably formed immediately on germination of the spore. As will 
be described later, a first-formed filamentous stage is frequently to be 
observed in th^ prothalli of this species. The uppermost fungal region is, 
of course, the youngest. It occurs at the base of the meristematic apex 
of the prothallus, and it is evident \ that both this growing apex and its 
fungal region have just begun to form. Both from the figure and from 
the photo it will be seen that here, curiously enough, the fungus lies 
internally to the epidermal cells. There is no special apical cell or group 
of cells, the whole -apical region of the prothallus being meristematic. The 
succession of five swollen fungal regions shows very clearly that it is the 
fungus which causes the swelling in the tissue of the prothallus, and that, 
at any rate in this prothallus, the primary tubercle is in no wise different 
from any of the later-formed tubercles. 

The prothallus shown in fig. 51 illustrates some interesting points in 
comparison with that just described. There are six distinct fungal areas, 
and the four lowest are closely approximated and are scarcely, if at all, 
swollen. There is a well-developed filament at the base of the prothallus, 
and the prothallus as a whole increases quite gradually in girth from this 
upwards. Er^n the first-formed fungal region is practically unswollen. 
I should judge that the extension in length of the prothaHus in these 
early stages had been comparatively rapid, ther^ being no cessation in 
growth in length consequent on the formation of a first generative region 
or of the storing of food material. This state of things can bear clpse com-* 
parison with what takes .place notmaUy in the cylindrical much-elongated 
epiphytic prothalli, in which growth is continuous and rapid and there is 
an entire absence of swellings in the fungal regions. The adoption, or 
rather the preservation, of the definite apical meristem in the epiphytic 
type is probably only the result of this habit of growth. The prothallus 
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of L, ramtUosu/m shown in fig. 51 may best be desonbed in ite entirety 
as a gr^ually mdening filament. The young plantlet home at its upper 
extremity was peouliarly diminutive in ske. There were no a.nthepdia 



Figs. 52-54. — L, ramvloaum. Complete xnatore prothaJli of elongated form in general 
view, a is the basal fungal region; a' and a', secondary fungal regions; 
b' and 5^ are generative regions bearing lobe-like outgrowths. In fig. &2 
there is a lateral outgrowth (6) assooiated'with the basal fungal region. The 
shading on 6' and b"' represents browning due to withering, x 20. 

Fig. 55. — L. ramtUoaum, Complete mature prothallus of elongated form in general 
view, showing branching aboye the second fungal region, x 20. 

either on this prothallus or on that in fig. 50. The photp of the prPthallus 
given in Plate XllI also illustrates the nature of the elongated maimer 
of growth with the formation of several ftmgal regions. 
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The four prothalli outlined in figs. 52-55 show at their base a distinct 
fungal tubercle, that in fig. 53 bearmg evidence of an origiiml filament. The 
prothallus in Plate XIV shows a lower fungal region, wldch was, however, 
not the first-formed portioii. The shaft is long, and bears a lateral process 
and also a terminal broad ' generative region which is associated with a 
second fungal area. In figs. 52 and 54 there is a fungal swelling located 
behind the growing end, it being evident also that in both these prothalli 
the apex is at the point of renewing its growth. A large number of prothalli 
of this species which I found were of the peculiar step-like form shown in 
figs. 62-^. Here the generative regions are sometimes of considerable 
extent, and, relatively to the long axis of the prothallus, lie horizontally. 
The position of these elongated prothalli in the soil is always vertical. The 
older generative regions are frequently brown and withered, either as the 
result of a dry spell in the weather or because they have ceased to be 
supplied with food and have begun to decay, these generative regions 
are frequently fairly bulky. It is probable that the irregularly massive 
forms of prothallus described next have acquired their form through an 
exceptionally bulky developmept of one or more of these successive 
generative' regions, the intermediate shaft-like stages of growth having 
been suppressed. Sometimes these massive prothalli show the remains 
of the lowest shaft and first-formed tubercle still attached to them. 
Those prothalli of L, laterale which bear club-like processes attached to the 
primary tubercle, as described in a previous pai)er (7, fig. 16), probably 
come under this category. Fig. 65 shows a prothallus which has branched 
in its middle region, the two branches being borne on a particularly large 
fungal swelling. These two branches are clearly not to be regarded as 
processes of the kind usually borne on the generative regions. One, of 
them showed a fungal region with rhizoids near its apex. Both are browned 
at the tip. It is certaiidy interesting to find that along with its power of 
cylindrical elongation the prothallus of this species is able also to branch, 
these variations suggesting that the Lycopodium prothallus is very plastic 
in character arid that the several main types are by no means so fixed as 
has been supposed. ^ 

1 pass now to the description of the massive and compact prothalli. 
Some of these show a very regular build (figs. 56, 57, 60, and Plate XV), 
being comparable -with the surface-growing forms of L Sdago (see 1, pi. 6, 
fig. 37). They do not, however, show the same internal structure as the 
latter. The prothallus illustrated in fig. 56 possesses one fungal region only, 
which occupies the whole of the base. This leads up into a short, massive 
shaft and a wide, upper, generative region. The whole of the uppermost 
region is meristematic, there being no localized marginal, ring-like meristem 
as is the case in the compact prothallus of L. Selago. . At the base of })his 
prothallus there is a filament consisting of one long cell bent, in the middle 
(fig. 56a) which does not show the presence of fungus. It leads up into a 
swollen region which can be described as the basal tubercle, this latter 
passing gradually again into a higher and more swollen region. The pro- 
thalli shown in figs. 57 and 60 and Plate XV are also of this same form, there 
being but one large basal fungal region. That in Plate XV is in longitudinal 
section, but the section does not pass naedianly through either the base 
or the shaft, nor does it show the full width of the prothallus. This 
massive form of the prothallus of L. ramulosum is similar to that sometimes 
adopted by the prothallus of L, cernuum and L, laterale, howbeit in, a more 
madced degree. 




Fig. 56. — L, rarntdosum. Complete mature prol^lus of compact, massive form ia 
general view, bearing young plant. X 27. ’ 

I^Q. 66a. — rtlmtUosum^ Original end of prothallus shown in fig. 66 in graend view. 
X 73^ 

Fio. numUoaum. Complete half-grown prothallus of massive form,, in general 

! view. X 35 * ' 

Figs. 68-60.~~L. ramviosum. Mature pipthalli of massive form^ in, general view. 
Those shown in figi. 68 and 59 have grown irregulwly. x 14. 
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Another type of massive prothalius is that shown in figs. 68 and 69, 
'where the continued bulky growth has resulted in a very irregular form. 
The oldest part of the prothalius can be recognized in both these figures, 
although whether or not this part represents the actual original basal end of 
the prothalius cannot be said. In fig. 68 there are two distinct generative, 
regions, the uppermost of which is divided by a d6ep constriction. :The 
foot of a young plant has been torn from one portion of this upper region. 
This particular prothalius is similar in its continued growth to these shown 
in figs. 62-64, except that the great bulkiness has rather obscured the 
typical cylindrical radial build. In fig. 69 the prothalius has grown still 
more irregularly, and there are apparently two growing regions, one of 
which is broken. The sexual organs are distributed along the whole of the 
top of the prothalius, and are in this case archegonia only. This particular 
prothalius is best compared with the basal portion and* first generative 
region only of those shown in figs. 53 and 54. These massive, irre^pilarly- 
grown prothalli usually show abundant chlorophyll. 

Position in the Soil, 

All the prothalli in these three species are situated at the surface of the 
soil and possess more or less chlorophyll. Their position in the soil is always 
erect. The chlorophyll is never present in the basal regions, but always 
in the lobes, and generally also in the upper part of the shaft. Consequent 
on this vertical position of growth, the prothalli never show such an 
elongated habit as do those of the epiph 3 d;ic, subterranean type, but certain 
individuals, especially in L. ramulosum, show a marked tendency in this 
/direction. I cannot say whether or not the more elpngated forms in this 
species are more deeply buried in their basal pai^p^an the massive forms. 
They were all dissected out of humus consisting ffir the most part of a 
decaying short moss. In any .case, the total length of even the most 
elongated forms is too small to have much significance in this respect. 
Probably the function of continued • apical growth is due simply to the 
postponement of the formation of the embryo, the food-supply being 
maintained by the fungus through the infection of newer regions of the 
prothalius. The typical radial build is maintained by all these three species, 
although in some prothalli, more particularly in L, ramvlosum, this is almost 
obscured by the adoption of a secondary, irregular manner of growth. 

Early Stages in ih^ Devetopmeni. 

I have been fortunate to secure several very young prothalli of the two 
species L, laterale and L. ramulosum. No doubt the only perfectly satis- 
factory way of obtaining the youngest stages of growth in any prothalius 
is by the experimental germination of the spores in the laboratory under 
close observation. Even this method, however, is' not above suspicion, 
for one can never be sure to what extent the artificial conditions influence 
the form of the young prothalius. Very young prothalli dissected out of 
soil collected in the field are open to the criticism that they may belong 
to some plant other than the one under consideration. I can only say 
that with regard to the young prothalli now to be described I Stin quite satis- 
>fied that they belong to the particular species of Lycopodium to which I 
have ascribed them, and the reasons^ will be stated. 

In the case of L, cernuum, I have found no young stages. Treub has, 
however, described the germination of the spore in this species, having 
successfully carried this out in the laboratory. His figures, which I have 



seen only in certain standard boolcs ot reference, show that a tohercle is 
at once initiated, which is ajpparently at fiist devoid of fungus. This 
tdbercle was called by Treub the “ primary tubercle/* and he 
that it was a characteristic feature of the Lyoopod/ium prothdlus. He jms 
also suoce^sfid in experimentally cultivating the prothalli of L, adldk^Me. 
This>also begins with a globular body, the ‘^primary tubercle/^ from which ' 
several thin filamentous branches arise, one of the latter eventually thicken* 
ing and producing the sexual organs. This prothallus remains altogether 
free from a symbiotic fungus. Treub also germinated the spores of L, curva- 
turn Sw., from which he obtained “ primary tubercles,” but he was unable 
to induce them to develop farther. All tfie "mature prothaUi of L, cernuum 
which I have found show the rounded basal tubercle, although in some 
instances this is somewhat pointed below (see 7, figs. 17-21, and figs. 38-44 
in the pi^ent paper). 

I have dissected out a number of young prothalli of the species £. ramw- 
losum along with the more mature forms, and some of these are shown 
in figs. 61*-66. I judge these to belong to this species since they are of the 
typical Lycopodium form and no other species of Lycopodium were present 
in the two localities from which they came. No other kind of prothaUus 
was ever found by me in the turves from which I dissected out those of 
£. ramuhsum, nor was any species of fern present in the near neighbourhood, 
except Gleichenia dicarpa. Finally, the individuals which are shown in 
figs. 61-65 form a series which leads on to the more mature prothalli 
which undoubtedly belong to £. ramulosum. The youngest prothallus was 
that shown in fig. 61. In it there was no basal swelling, nor was there any 
indication of the presence of a fungus. The lower half consisted of a single 
linear row of cells, whilst in the upper half there was a gradual increase 
in the number of cells and in the girth of the filament towarck the apex. 
This upper half was not a flat expansion of cells as in the usual fern pro- 
thallus, but was radial in build. The cells at the apex were smaller than 
those farther back, and evidently functioned as the meristem. The whole 
filament contained chlorophyll co^uscles. The originaj spore-case was 
still attached to the basal cell. In fig. 62 is shown a prothallus in which the 
first-formed filamentous stage was very short, passing almost immediately 
and suddenly into a globular mass of cells which could be called the 
“ primary tubercle.” This prothallus also was quite free of fungus, being 
green throughout. The apical region consisted of small-celled tissue, and 
a young sexual organ was developing near by. A group of rhizoids was 
borne on the basal tubercle. In the formation of a f^gusless primary 
tubercle this young prothaUus corresponds very closely to those early, 
stages in L. cernuum, L. salakense, and L. curvaiurp described by Treub. 
With regard to the mature prothallus of L, ramyiosum^ the conclusion I 
arrived at was that any swelling in the fungal regions was primarily due to 
the localized presence of the fungus. From these other three species, how- 
ever, it is apparent that there may be at first a primary tubercle quite 
apart from the presence of the fungus, and this also appears in such a young 
prothaUus of £. ramvdomm as that shown in fig. 62. However, this is not 
always the case, as in the particular prothaUus shown in fig. 61. The three 
young prothaUi shown in 63-65 aU possessed a primary tubercle, which 
was infested by fungus. 

Are we to consider that a primary ttlbercle is a fundamental feature 
in the structure plan of the Lycopodium prothaUus, or is it to be regarded 
as an added feature ? Possibly we are to mgard the mdiaUy-built filament 
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iia being the original typical condition, this filament being drawn out, or 
short and bulky, according to whether growth has taken place rapidly or 
slowly. The basal tubercle of the mature prothallus when pr^nt would, 
according to this view, fee the result largely of secondary cell-divisions 



Fig. 61. — L* ramuloaum. Very young prothallus,? in general view, with spore still 
attached, x 75. 

Fig. 62. — L. ramulosum. Young prothallus, in general view, showing basal tubercle 
with no fungus, x 45. 

Figs. 63, 64. — L. ramtdosum. Young prothalli, in general view, showing basal tubercle 
with fungus, x 30. 

Fig. 65. — L, ramvloeum. Young prothallus, in general view, showing first-formed 
lobes and the initiation of a second fungal region, x 45. 

which had taken place in the first-formed basal cells owing to the stimuliui 
excited by the storing of food nmterial. Prothalli cultivated under arti- 
ficial conditions seem geperally to develop slowly, and this may explain 
'why it is that none of Tieub’s prothalli showed a first-formed fiilamentous 


stake. There can be no doubt ^i; the symbiotic association of a fungus 
with the Lycopodium prothallus is a furfcher added feature^ the ihature form 
of the Lycopodium prothalli being determined mainly by the nature of 
association. 

I found one very young prothallus of L, laterak which was entad^ed 
in the rhizoids and lobes of the large proj^allus shown in fig. 48. This 
young prothallus is shown in fig. 49. It consists of a filament of ceUs which 
is fflieen throughout, the filament being one cell in width in its lower hdt 
and two cells in width in its upper. At the apex there is a single smaU 
cell which is clearly functioning as the apical cell. In this species also, 
as in i. ramulosum, the primary tubercle is tfiu^ not invariably present. 

Main Body of the Prothallus. 

L. cemMwm.— The main body of the prothallus of this species consists, 
as has been described above, of one or more basal fungal regions, a longer 
or shorter shaft, and a crown of lobes, at the base of which lies the me^ristem 
and the generative region. Sometimes there is present also a lateral group 
of lobes. As I have not seen Treub’s original papers^ I do not know whether 
or not he has given in his description any indication of a difierentiation of 
•structure in the fungus-bearing tissue, but, judging from the short sum- 
maries of his results in various standard books of reference, this does not 
seem to .be the case. In the prothallus of this species as it occurs in 
New Zealand I have observed that there is in this tissue a well-marked 
differentiation. The fungal coils are invariably confined, so far as their 
intracellular position is concerned, to the epidermal cells in the fui^al area, 
but the fimgus always extends also in between the cells of the adjoining 
tissue. This will be apparent from figs. 39-44, which show the fungal 
area in longitudinal section, and from figs. 66 and 67, which represent the 
basal tubercle in transverse section. Moreover, this layer of cells which 
shows the presence of the fungus in an intercellular position is always 
modified in structure, the cells being very narrow, with their long axes 
arranged at right angles to the p^ipheral fungal layer. A pcMtion of the 
fungal region shown in fig. *41 is given in greater magnification in fig. 68. 
In describing the “ palis^e ’’ fungal zone in the prothalli of L. clavatum 
and L. annotinum, Bruchmaim (1, p. 18) suggests that its main function 
is to serve as a brace to the prothallus. This would seem to be the case 
also in L. cemuum. In thj^ latter species its peculiar structure is more par- 
ticularly desveloped in those fungal regions which extend up the shaft, and 
where the need of a strengthening-tissue is felt. In those prothalli in which 
a well-formed, rounded primary tubercle is present the whole of the internal 
tissue of the tubercle shows the intercellular fungus, but its cells are not 
so markedly differentiated (figs, 38, 39). In the elongated prothalli of 
L. ramulosum^ in those cases in which the fungal areas are not much 
8wx)llen, the tissue in which the fungus is intercellular does not show much 
modification in form. The fungus is chiefiy apparent at the angles between 
the cells, but it also seems to enwrap the ceUs generaUy (fi^s. 66-68). 
I have not observed the presence of starch, as a rule, in the palisade cells, 
but it is frequently thickly accumulated in the adjoining part of the diaft. 
In the primary tubercle, the ceUs are small and numerous (figs. 38, 39), 
and the rounded form of the tubercle is probably due mainly to the 
extensive oeU-divisions, induced by the fungue, wWch there have taken 
place. In this species the intercellular fungus never spreads up the shaft 
to any great extent. As has been described above, jn this species there 
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i$ sometimes a second fungal region quite distinct from the first, which 
may be situated either higher up the shaft or at the base alongside the 
primary tubercle. The characteristic difference in structure between the 
basal tubercle and an upper fimgal area is clearly shown in fig. 39. The 
details in the basal structure of the other form are illustrated in fig. 40, 
the right-hand tubercle here b^ing cut not quite medianly. 

The shaft is built up of large cells whose long axes are directed towards 
the growing apex. In some prothalli this shaft is long and thin (figs. 38, 42), 
but in others it is short and thick (figs. 40, 44). An instance in which a 
lateral group of lobes is borne on the shaft is given in fig. 41, these lobes 



Flos. 66, 67, — L, cernuum. Transverse sections of the basal tubercle of prothallus, 
showing distribution of fungus, x 42. 

Fig. 68. — L. c&rnuum. Longitudinal section of portion of fungal area shown in fig. 41. 

Fig. 69. — L, ramtUosum, Median longitudinal section of basal tubercle of massive 
prothallus shown in Plate XV. x 42. 

Fig. 70. — L. ramvlosum, a and 6, longitudinal section of an elongated prothallus 
with three fungal regions, the basal tubercle being shown at h. x 48. 
c, longitudinal section of apical head of the prothallus shown in fig. 70a. 
X 76. 

Fig. 71. — L, ramvlosum. Longitudinal section of two adjoining fungal regions in a 
large elongated prothallus. x 42. 

4iere l^ing in conjunction with a second fungal zone. At the top of the 
shaft is the crown of lobes, these being in transverse section from two to 
four cells in thickness (figs. 40-42, 44^ In amongst the bases of these 
lobes are situated the sexual organs (figs. 40, 44). Some of the prothalli 
bear organs of one kind only, that shown in fig. 40 bearing numerous 
antheridia but no archegonia. Others, again, bear both, as in the case of 
the massive prothallus shown in fig. 44. 

L, laterale . — The structure of this prothallus corresponds more pr less 
closely with that of L. cernuum. In the fungal regions, whether at the base 
of the prothallus or hicher up the shaft, the hyphal coils a^e confined to 
the epidermal cells, and the hyphae penetrate the adjoining tissues in an 
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intercellular positioii (figs. 46, 47). In tjiis species the ceUs whicfi ^ 
ately adjoin tiie epiderm^ layer are not so clearly ^differentiated 
“palisade” la 3 ^r as they are in the prothalli of X. cetnuum, in thj^^pi^- 
thallus illustrated in fig. 47 the intercellular fungus which belonged the ^ 
upper fungal zone occupied a consideral)le extent of the tissues of 
shaft and had spread well up towards the meristem. I have not observed 
anything approaching this condition in any of the prothalli of L, cefnuvm^ 
The terminal processes are filamentous rather than lobedike, and are to 
be seen in longitudinal section in figs. 46 and 47. Their characteristic 
appearance, however, is best seen in general view (7, figs. 13-16, and pi. 17, 
fig. 3). A group of te.teral lobes is shown in fig. 46, there being an 
archegonium present at their base. 

X. ramulosum. — The internal structure here shows nothing differing at 
all markedly from that of the other two species described above, Except 
that, as in X. laterale, the “ palisade ” tissue is not so well developed as m 
X. cernuum, A prothallus of the massive type is shown in longitudinal sec- 
tion in Plate XV. A true median longitudinal section of the baM tubercle of 
this same prothallus is givep in fig. 69. It will be apparent that this figure 
corresponds very closely to fig. 39, which shows the basal tubercle in 
X. cernuum in longitudinal section. The rest of the prothallus is free from 
fungus, and consists mainly of compact small-celled tissue. The croitn 
of filaments in this prothajlus is poorly developed. The structure of the 
elongated prothallus is shown in fig. 70, a and 6. The cell-layer in which 
the fungus is in an intercellular position is here very limited in extent, and is 
also little differentiated as a tissue. The lateral generative region is brown, 
and the filaments are here missing. The apical head of the prothallus 
bears numerous antheridia (fig. 70, c). Fig. 71 shows in longitudinal section 
two adjoining fungal areas in an elongated prothallus of much larger build 
than the one last mentioned, and here it will be seen that the intercellular 
fungus spreads through a correspondingly greater extent of tissue, in which 
the 'cells are certainly arranged i^iore palisade-like. The shaft portion of 
these elongated prothalli consists of large, elongated cells, but the various 
generative regions are of small-celled tissue. This is clearly seen in £he 
prothallus shown in fig. 70, this prothallus bearing antheridia' only. 

Position of the Meristem, 

In the cernuum type of prothallus the meristem is of a more indefinite, 
unlocalized nature than in either the epiph 3 rtic, cylindrical type or the 
subterranean, cone-like type. In his figures of very young stages in the 
development of the prothalli of X. cernuum^ Treub shows that, in his 
laboratory specimens, immediately on germination of the spore, a triangular 
apical cell is set apart, by whose all-round segmentation a globular mass of 
cells is formed — the “ primary tubercle.” However, this method of growth 
immediately gives place to a filamentous stage in which the filament is 
only one cell wide, new segments being formed by transverse walls appear- 
ing in the terminsd cells of the filament. The mament next thickens by 
longitudinal walls appearing in* all its cells. This also is what happens in 
X. salahense ; but there several such filaments are formed from the primary 
tubercle, although only one proceeds to thicken. 

From my material of the three New Zealand species which belong to 
this type of prothallus I have certainly found instances in which the spore 
seems to have given rise at once to a globular mass of cells, but others also 
in which there is an original filamentous stage. This filament extends at 
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first by transverse walls arising in the terminal cell (fig. 61), but later it 
would seem from fig. 49 that oblique walls in the terminal cell cut off seg- 
ments alternately on one side and on the other, so that the j^ment becomes 
two cells in width. All indications that I have noticed point to the fact 
that this first-formed part of the, filament does not subsequently thicken. 
It is to be found in this thin form still attached at the base of older prothalli 
(figs. 51, 53, 56), so that it has nothing to do with the “ shaft of the pro- 
thallus. Presumably the tubercle is formed by the activity *of a single tri- 
angular apical cell as in Treub’s material, though, of course, my material is 
not young enough to show this. The young prothaUi of L: ramvlosum given 
in figs. 63-65 have grown on from the primary tubercle not in a filament 
one cell wide, but in a shaft of the same width as the tubercle. This shaft 
becomes progressively wider as it grows on. If a tubercle shows subse- 
quently a distinct rounded form it must have been due to secondary cell- 
multiplication having taken place in it owing to the presence of the fungus. 
In the prothalli of L. ramulosum shown in figs. 62, 63, and 64 the whole 
of the small-celled terminal portion is clearly meristematic, so that here, 
possibly after a period of rest, the whole of the forward end of the tubercle 
has become meristematic. In the prothallus ♦sho^ in fig. 61 the original 
filament gradually thickens as it grows on, apparently by longitudinal 
walls appearing in the various cells, and the whole of the apex has taken on 
the function of growth. 

In L. cernuum the apex of the shaft grows on and eventually gives rise 
to a crown of lobes. Some of Treub’s figures seem to indicate that the lobes 
are initiated when the prothallus is not more than of middle age. The 
meristematic zone is then largely localized at the base of the lobes, and by 
its continued activity the lobes are extended in length, and also the length 
of the shaft is added to. At the same time the shaft can increase slowly 
in width by the division of its cells in a longitudinal direction. Under 
certain conditions, perhaps inducing quickness of growth, the shaft becomes 
somewhat elongated, and the lobes also are well developed (fig. 42). » The 
opposite conditions bring about a thickening of the shaft unaccompanied 
by any great increase in its length (fig. 44). Thus in the prothallus practi- 
cally the whole of the main body is more or less meristematic, and the 
localization of this function at the growing apex is not so definite as 
in the prothalli of the epiphytic or of the terrestrial subterranean types. 
Meristematic activity at the base of the lobes becomes most pronounced 
when the sexual organs are being formed, so that they are embedded in a 
smaU-celled tissue (figs. 40, 45). 

In L, ramulosum the prothallus is capable of much more extensive 
growth, probably on account of its continued infection by the fungus. At 
a fairly early stage the apex gives rise to the lobe-like outgrowths, the 
initiation of which is shown in figs. 63 and 64. In the young prothallus 
in fig. 65 two outgrowths are well formed and a sexual oirgan is developing 
at their base. The lobes are browned and slightly withered, as if they 
had been touched by a dry spell in the weather. At the same time the 
shaft of the prothallus is proceeding to extend on past the lobes so that 
these latter eventually come to occupy a lateral position. Immediately 
behind the developing shaft-apex three of the epidermal cells have become 
infected with the fungus and one epidermal cell has grown out as a 
rhizoid. It certainly seems as if this fresh infection by the fungus had 
been the cause of the renewed activity of the prothallus. The study of the 
prothallus given in fig. 60 suggests that the apical meristem has alternately 



functioned in exfensidn in length of tiib piothallus find in the'i^tod 
of sexual organs and processes, the growth in length of tiie proth^us hi^ng 
renewed after Ihe formation of each generative area« I! an arcbegonhim 
had bejen fertilized and an embryo formed, all the food-supply of the 
prothallus would have been concentrated around the growing embryo, ah4 
hence the prothallus would have ceased to elongate* In the prothallus 
shown in fig. 51 there has probably been no intemission in the functioning 
of the apical meristem, with the result that this prothallus approximates, 
more to the cylindrical fonn of the epiph 3 rtio type. In the prothalli shown 
in figs. 52-54 there has been an exceptionally extensive development of 
generative tissue, giving to these prothalli the curious step-like form. 
From these elongated prothalli and from the irregularly-grown, more 
massive forms shown in figs. 58 and 59 it would" appear that the repeated 
fresh infection of the prothallus by the fungus has enabled it to grow on 
far beyond its original cernuumAike form. In such a prothallus as that 
shown in fig. 51 the position and appearance of the meristem are similar 
to the ordinary cernwuw type,' although it has-been able to function for a 
much longer period than in L. cernuvm. In the other elongat^ prothalli 
shown in figs. 50 and 62-54 the position and form of the meristem is 
somewhat modified on account of the repeated development of the genera- 
tive tissue, so that the actual growing apex is small and somewhat displaced. 
There is never a definite group of apical meristematic cells present, the 
whole of the growing* head functioning in this respect as in X. cernuum. 
The very compact cone-like prothallus given in tig. 66 also shows the same 
type of meristem, there being no tendency to a localized, marginal, ring- 
like meristem as there is in the compact surface-growing forms of X. Sdago. 
Thus, although the prothallus of X. ramulosum in its two forms may be com- 
pared on the one hand with the compact cone-like forms of X. Selago (and 
so also of X. davdtum and X. complancUum), and on the other hand with 
the. elongated cylindrical form of X. Phlegmaria, &c., this comparison is 
by no means a close one, for the position of the meristem shows that 
X. ramulosum belongs always to the cernuum type. It is significant to 
note that these main types of Lycopodium prothalli are in a plastic con- 
dition, and the variations which they show make it quite permissible to 
conjecture how the difierent methods of growth could have originated. 

The mature prothallus of X. latercde also conforms to the cemuum type 
in the position of its meristem, although here too the normal form of the 
main prothallial body is sometimes considerably modified by its continued 
growth. ' . 

Rdalion of the Young Plant to the Prothallus, 

Since the prothallus of these species is always situated at the surface 
of the ground,^ the young plant poss^es chlorophyll from a very early 
stage. As soon as it emerges from the tissues of the prothallus it proceeds 
to form the characteristic tubercle which Treub called the “ protocorm,^* 
on which abundant rhizoids are produced. At the same time the first 
“ protophyll arises on the tubercle, showing numerous stomata. Thus 
the developing plantlet early becomes independent of the prothallus in 
the matter of food-supply. A protocbrm is formed in the young plant 
of all three New 2Sealand species which belong to the C^w section. 
Young plants attached to their parent prothalli are shown ip fig, 72 
(X. cemimm), in figs. 46 and 48 (X. laterale), and in figs. 61, 56, 68, 60, 
and Plate XV (i. ramulosum). Other figures are also given in Part I of 
this series of papers. ; 
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The development of an embryo seems to bring all further growth of 
the prothallus to an end. The prothallus of this species is generally small 
and delicate, and does not long persist attached to its young plant. It 
has in most cases decayed away by the time that the plant has developed 
two or three protophylls. However, I have several times found pfothalli 
of L. ramuhsum stiU persisting, in one case healthily green in colour, 
attached to plantlets of seven or eight protophylls. 

The intraprothallial portion of the embryo plant is developed as an 
absorbing^organ, but only to a slight extent as compared with the same 
organ in the young plant of the Selago and Phlegmaria types. Still less 
is it comparable in importance with the large “ foot ” of the olavatum and 
(mnplanatum types. This progressive importance of the foot in the dif- 
ferent types, taken in the order in which they are mentioned, goes hand 



I'm. 72. — L. cernuum. Longitudinal section of prothallus r and young plant showing 
foot. X 30. 

Fig. 73. — L, cernuum. Transverse section of suspensor and foot of young plant. 
X 42. 

Fig. 74. — L.mcemuum. Longitudinal section of foot and part of protocorm of young 
plant. X 42. 

Fig. 75. — £. ramvXomm, Oblique section of portion of basal fungal region showing 
three large “ spore ” capsules of undetermined nature, x 250. 

in hand with the increase in the size of the prothalli and of the extent of 
the dependence of the young plant upon its parent prothallus. From the 
figures mentioned above it will be seen that the surface cells of the foot 
in the three species of the cernuum type are only slightly developed as an 
epithelial layer. They arc best illustrated in fig. 73, which is a transverse 
section of the foot and suspensor of the young plant of L, cernuum, and 
fig. 74, which shows' the foot in longitudinal section. 

In Part II of these papers (8, p. 92) I stated that I had never observed 
the presence of fungal hyphae in any of the protocorms which I had examined. 
This statement I must correct. The fungus is certainly never present as 
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intracellular h^hal coils, as it is in the prpthalli, but it seepk to be alwajs 
present in an intercellular pocation in the central tissues of Ihe protocimn. 
These centrally-placed ceUs, which show abundant protoplasmic cont^to^ 
are always roundidi in form and are separated from one another, the int^* 
cellular spaces staining darkly with haematoxylin. The appearance of 
the iuugus in the protocorm is thus in marked contrast to the definite 
epidermal fungal tissue of the prothallus, in which it occurs in hyphal coils. 
The hyphae can clearly be traced entering the protocorm though the 
rhizoids. They seem to cross the outer layers of cells mainly, if not entirely, 
through spaces between the cells and more especially at their angles, az^ 
they are not at all apparent in this zone« But when once one has learned 
to look for them, both the hyphae and also their *^spores ” can be seen 
in the spaces between the cells throughout the whole of the central region 
of the protocorm (figs. 46, 74, ^nd Plate XY ; see also 7, fig. 61, and pL 17, 
fig. 2, and pL 18, figs. 1, 2). The fungal h 3 rphae can best be studied outside 
the protocorm, around the base of which they form an open mat. They 
are branched and unseptate. Here, too, the spores are abundant, imd it 
can be frequently and clearly seen that they originate by a leng^ of 
hyphal thread dividing up into a number of the spores. This also can 
be seen in the interceUular spaces at the centre of the protocorm. It is 
certainly a striking fact that the fungus never occupies the cell-cavities 
in the protocorm. The fungus undoubtedly assists the young plant to 
become self-nourishing. 

Treub and others have supposed the protocprm to be an organ of 
high phylogenetic importance. Bower, however, believed it to be a 
physiological modification, just as is the intraprothalliak swelling called 
the “ foot.*’ My study of this organ as it occurs in the three New 
Zealand species certainly inclines me to accept Bower’s suggestion. The 
Lycopodium plant in all its organs is in such a plastic condition that it is 
unlikely that any highly primitive structures should have been retained — 
at any rate, in its vegetative parts.* The different sections into which 
the modern genus is classified are strikingly in accord with its biological 
divisions, as Lang, with regard to the prothallus, has pointed out. It 
might be added that this holds also for the other main organs of the 
Lycopodium plant. Each type of prothallus is correlated with a certain 
tjrpe of embryo plant. The protocorm is always associated with the 
cernuum type of prothallus, and apparently with no other. The compara- 
tive study of the different types of prothallial structure certainly leads 
one to the conclusion that the cemuum type is the least modified of ail, 
and its chlorophyllous habit especially points to this ; but it does not 
necessarily follow that the cernuum embryo is also the least modified. 
The presence of the symbiotic fungus seems to have been the dominant 
factor in determining the form of the different lycopodium prothaUi, and 
it is a significant fact that the protocorm is also infested with it. 


* There has quite recently been described by Kidston and Lang (Trans. Boy. Soe. 
Edin., vol. 52, pt. 3, pp. 603-27, 1920) a small plant froip the Devonian of Sobtknd, 

which the authors have named Homia Lignieri^ whose basal portion consists of a proto- 
cormouB rhizome. This plant the authors compare with the young plants of Lyco^^adwm 
cernuum, L. laieralc, and L, ramulosum, and with PhyUogloasum. As they sliggett, the 
demonstrated presence of the ** protocorm ’* in archaic vascular cryptogams introduces 
quite a new argument into the discussion Concerning the nature and origin of this peculiar 
organ. However, they also briefly point out note at bottom of p. 612)^hat fungtd 
hyphae occur in an intercejlular position in the tissues of the rhizome of Bomea. 
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Details of the Fungus, 

There is not very much to say here with regard to the detaib of the 
symbiotic fungus in these three species of prothalli. The hyphal coils are 
present only in the epidermal cells of the fungal region, although the h 3 ^hae 
penetrate farther into the adjoining tissue in an intercellular position. 
I have seen no formation of clusters of “spores” as occurs in the epiphytic 
prothalli. Spores occur, however, in the interior tissue -of the protocprm of 
the young plant along with hyphae in between the cells. 

One prothallus of L. ramulosum showed in its lower basal tubercle a 
number of large, spherical, dark-staining bodies, three of which are illus- 
trated id fig. 75. These bodies possessed thick walls, and in section were 
seen to be full of numerous very small oval lightly-staining “ spores.” My 
serial transverse sections of this tubercle showed that there were no fewer 
than twelve of these large bodies present. They lie within the cell-cavities 
in the region in which the fungus is intercellular. Each is large enough 
to completely fill a cell and bulge out its walls. In each of two other 
pro^alli of this species . I observed a single spore body of this nature. 
I was not able to determine their nature, but judge that they bear some 
relation to the symbiotic fungus. 


General Bemarks. 


A special interest attaches itself to the study of the prothalli of the 
different species of Lycopodium^ arising mainly from the fact that several 
types of prothallial structure are represented in the genus, and also that 
each of these types goes hand in hand with certain characteristic features 
in other organs* of the plant. So different are these t 3 rpes of prothalli one 
from another that both Treub and Bruchmann have expressed the- opinion 
that these differences date from a very ancient period. Treub states his 
belief that they can be explained in a small degree only by the different 
conditions under which the prothalli live. Bruchmann would divide the 
genus intp as many new genera as there are distinct prothallial types. As 
opposed to this view, Lang has suggested that the different prothalli show 
a similarity in ground plan, and that they are all more or less profound 
modifications of an original cemwt^m-like form. As further species of 
prothalli are found this interest is deepened, for it becomes clear that 
although the main types are all now probably known to us, yet there are 
many significant modifications of them, and also that further study of the 
genus w^ probably reveal more such. Instead of assuming that the 
different prothallial types are practically unrelated, it will probably be 
more productive of results to try to discover from the development of the 
individual prothalli and from their variations whether there is a funda- 
mental plan of structure, and what has been the reason for its modification. 
Such a study will, at all events, help us to recognize which characters are 
of most importance. 

The complete mature prothallus of all the sections of the genus except 
the Inundata and Cemua shows consistently at its basal, original end the 
form of an inverted cone, the apex of the bone being occupied by a single 
cell, to which the remains of the spore can sometimes be seen attached. It 
is, of course, possible that in some cases a brief filamentous stage may arise 
first from the spore before the cone form is attained, and that this drops 
away later and so becomes lost, but apparently it seems that the cone form 
is at once initiated. In the much-branched prothalli of the Phlegrnaria 
tgpe, which are radial in build but not upright in growth, the cone quioMy 



/ Hollow AT. — Studies m the Neu Zeedund Species of liycibp^diiiti^^ 2M 

passes over into ihe elongated oylindrical main body wlnoli bears, sexoa! 
organs on the dorsal side, so becoming bilateral The prothalli.of L; Sdagc 
grow upright in the soil. They either preserve the cone form throi^hdiit 
their life — being, however, much smaller than the prothalli of the (iddvaisim 
or complanatum typeek—or they, give rise to elongated bilateral extensions 
of portions of the upper margin of the cone. In tiie upright prothalli of the 
clavatum and complanatim types there is practically no disposition towards 
elongation, the cone form being preserved throughout ttie life of the 
comparatively massive prothallus, any extra meristematic activity showing 
itself merely in irregular lobing of the upper margin or in adventitious 
budding. The angle of divergence of the cone ifrom its apex upwards is 
difierent in these two types, being greater in t^e former than in the latter, 
so that the mature forms of the two prothalli are somewhat different. The 
prothalli of the species which belong to the Cernua and InundcUa sections 
are also upright in growth, and have a radial build, so that in transverse 
section the main body is circular in outline, but the cone form is not always 
present. Treub^s description of the prothalli of L, cernuum suggested that 
a short cone-like stage always followed immediately upon the germination 
of the spore, and the “ primary tubercle,’’ as it was called by him, was thus 
looked upon as a characteristic feature in this type of prothallus. In all 
the species of this type whose prothalli are known a primary tubercle is, 
indeed, often present, but not invariably so, as appears, for example, in 
the prothalli, both young and old, of L. ramtdosum. 

The' cone form adopted by the Lycopodium prothallus must be con- 
sidered along with the presence in its tissues of the symbiotic fungus. It 
is, of course, well known that this fungus is one of its most characteristic 
features, just as it is also of other subterranean pteridoph 3 rtic prothalli. 
Treub states thAt the prothallus of L. salakense shows no fungus, and it is 
quite possible that other species belonging to either the Cernua or Inundata 
sections ihay prove to be without it. Froni what we know of the young 
prothallus of L, laterale and L. ramuhsum it would seem that in the 
sections Cernua and Inundata the ihfection may be postponed considerably, 
for the fungus is frequently absent altogether horn young prothalli of quite 
fair size, and also not infrequently mature prothalli show signs of the same 
initial fungusless region at their base. 

In the prothallus of Tmesipteris the fungus is found even in the basal 
filament, when that is present ; but whether the infection is initiated from 
the very first or subsequently spreads back into the extreme^ lower parts 
of the prothallus is not known. I have found many prothalli of TmesipteriSf 
both young and also mature, which showed a short filament of cells at 
their .base, and Also, on the other hand, complete prothalli in which no 
filament was present, in the latter case the remains of the original spore 
being sometimes clearly apparent on the cell at the actual apex of the 
basal cone. Sometimes the Tmesipteris prothallus takes the form of a 
steadily tapering cone, and at others in its lowest regions it increases in 
girth by a progressive series of gentle swellings. One cannot avoid Jhe 
suggestion that the dominating factor in the Tmesipteris prothallus is the 
presence of the fungus, the nature of the swelling being due to the con- 
sistency oj; intermittency, as the case may be, of its activity, and the 
omission of a filamentous stage being due to its very early entry into the 
germinating spore. ‘ When we turn to the prothalli of the Lycopodiaceae 
the same conclusion seems to be forced upon us. Large mature prothalli of 
L. ramulosum may show no primary tubercle at all, and the cone form may 
be altogether absent, so that the general form of this prothallus can tiien 
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best be described as a radially-built filament. The immediate effect of the 
presence of the fungus also can be clearly seen in the prothalli of this species. 
It almost invariably causes a swelling^'of the tissues of the prothaUus at 
the infection spot, this swelling being due to the greater or less develop- 
ment of the internal fungal tissue in which the hyphae are intercellular. 
Sometimes the fungus is restricted to one place in the prothaUus, this 
being towards or at its base, so that there is present a basal sweUing. But 
in aU three New Zealand species which belong to the cemuum tjrpe, and 
more especiaUy in L, ramulosum, more than one distinct fungal area is 
frequently formed. Another form sometimes adopted by the prothaUus 
of L, ramuLoaum. and to be seen also in those of L. IcUerale and L. cernwam^ 
is that in which the usual shaft is practicaUy absent, the crown of lobes 
immediately surmounting the basal fungal region. The latter is then 
more bulky tiian usual, the whole mature prothaUus bearing^ more truly 
the cone form than is nomaUy the case in the prothalli of these sections. 
That this particular massive form is not a fixed character appears from 
the fact that only infrequently are these bulky prothalU of re^ar shape 
and growth. However, just as the long-drawn-out, more ^kmentous 
form may bear some comparison with the epiphytic, elongated type, so 
may the massive form be compared with the deep-growing davaiunif and 
camplanatum types, and the prothaUus of L. ramulosum is thus seen to 
possess as great significance as that of L. Selago in beaming witness to the 
plasticity of the Lycopodium prothaUus. 

When we turn to the epiphytic type of prothaUus we find that there 
also' the form of the prothaUus must be considered along with the nature 
of the fungus-distribution in its tissues. The whole of the basal cone* con- 
stitutes, as it were, a primary turbercle which contains the fungal element 
throughout its tissues, being comparable to the first-formed tubercle in 
L, cemuum, when that is there present. The elongated, cylindrical regions 
of the epiphytic prothaUi, have completely passed out of the cone form, 
nor do they show any locaUzed swellings induced by the presence of 
the fungus. The fungus is distributed throughout the branches and the 
vegetative region of the central body, and the absence of swelling is 
probably due to the rapid elongation of the prothaUus in aU its parts. 
Even the discontinuous infection which is to be seen often in the branches 
do^es not result in any sweUing of the tissues as it does in L. ramulosum. 
Thus, although the elongated prothaUi of L, ramulosum may be compared 
with the epiphytic type, yet they never attain to the characteristic form 
or structure of the latter. It^wiU suffice here to aUude quite briefly to 
the statement made by certain other writers, notably Lang, that this 
difference is probably merely the expression of the fact that in the Oemua 
and Inundata types fungal assimilation has not assumed the same degree 
of importance in the life of the prothaUus as it has in the epiphytic t5^es, 
for the prothaUus is surface-growing and never gives up its chlorophyUous, 
self-nourishing habit. * The epiphytic prothaUi, however, live in soil of a 
different nature, and have adopted a whoUy subterranean mode of life, in 
which they depend altogether upon the activities of the fungus for their 
nourishment. This has been the immediate cause of their extensive 
ramifications and their character of continuous cylindrical growth. In this 
respect, therefore, they are to be regarded as more specialized than the 
chlorophyUous type. 

Although I have not in the present paper given any description of the 
prothalli of ^the species L. uolubile, L, fc^stigiatum^ and L. scarioay/m, which 
belong to the clavatum and complanatum types, yet it is appropriate here 
to compare briefly their form and structure with that of the other New 
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Z^land species already dealt with. In l^ese two types the cone- form is 
at once initiated and is continued throughout the life of the pro^llus. 
There is no extension in length comparable even to that of the Cemua and 
Inundata types, although, as I mentioned in a former paper j(7, p. 273) a!|id 
hope to describe more fully in a later one, the young prothaUus of L, fa^t^ 
g^iatum branches after it has passed through the initial cone stage. It assumes 
the shape of the letter “ Y,” the arms of the prothaUus being true branches, 
as indicated by the fact that in each of them there is a central core of fungus- 
free cells completely surrounded by the fungal zone, the meristem bwiig 
located near, but not actuaUy at, the apex of each arm. Although the 
mature prothaUus in this species has the saucer form, yet it frequently 
bears evidence of this early , branching. The prothaUi of these two types 
have departed altogether from the self-nourishing, chlorophyllous habit, 
and have become whoUy dependent upon, the symbiotic fungus, although 
the prothaUus of L, volubUe is able to develop chlorophyU if it happens to 
grow at the surface of the ground. We find that the external tissues in the 
whole of the vegetative portion of the prothaUus have been given over to 
the fungal inhabitant, so that in form this vegetative regiofi is one large 
regularly-shaped cone. The prothaUi of the clavaium and (xmj>lanatum 
types, owing to their terrestrial habit, occur in soil of a nature difierent 
from that of the humus-growing, epiphytic prothaUi. There seems to be no 
need for the prothaUus to elongate or branch in older to come in contact 
with a sufficient supply of food, although, judging from the branching by 
which the young prothaUus of L. fastigiatum assumes the saucer form, it 
could do so if necessary. The fact that these types of prothalU are so 
much larger in size than the surface-growing form of L, Selago is obviously 
due to the much greater degree of depejjdence upon them of the young 
plant than in the latter species. They function largely as storehouses, 
the large quantities of starch and oil which they contain having been noted 
by aU who have described them. 

The compact, massive form of the prothaUus in L. ramulosum, L. laterale, 
and L. cernuum must not be compared too closely with that of L, Selago 
or of the terrestrial subterranean types, for the position of the meristem 
in the latter is altogether different from that in the former. . Nor can 
the elongated form of L. ramuhsum be compared exactly with that of 
L. Billardieri. It would seem, however, that the difference between tlie 
marginal meristem of the Selago prothaUus ' and the apical meristem of 
the epiphytic types is not so great. The prothaUi of both these types 
invariably begin with the cone form, and the subsequent manner of growth 
of each, and the form which the meristem, takes, can be explained quite 
naturaUy (as I have attempted to do earUer in this paper) as resulting 
simply from the position of the prothaUus in the soil. That there is a 
somewhat close relationship between these two types appears also from 
the fact of their simUarity in the enibryo plant and in the presence of para- 
physes. The olavatum and com'planatum types of prot^llus also seem 
to be aUied to that of the Sdago type, possessing the same kind of marginal 
meristem, although they lack paraphySes^. Moreover, the embryo plant of 
these deeply subterranean forms differs from that of L, Sdago only in the 
abnormal development of the “ foot,’’ a character which has quite obviously 
resulted froin their position in the soU. 

The prothaUi of the Cemua and Inundata sections seem to stand rather 
apart from the rest of the genus. The meristem is of a quite different 
natur^, the, fungal habit has not been adopted to the i^me extent, ^ti^e 
filamentous manner of nrowth is brstely present, and the form of the 
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young plant is very peculiar. Any similarities in detailed structure between 
this type and any of the otTiers are perhaps best regarded as instances of 
parallel development, such as the fungal “ palisade ’’ tissue in the prothallus 
of L, cemuum apd of L, damtum and L, complanatum, and also the elongated 
manner of growth in L, ramdosim and L, Billardieri. The varieties in 
form and structure which occur in the prothalli of the cernuum type are 
chiefly interesting as evidences of the great plasticity of the Lycopodum 
gametophyte. It is in the Cemua and Inundata sections that we meet 
with the least evidence of a permanently fixed type of prothallus. These 
prothalli have also, proceeded the least of all to a saprophytic mode of 
life, and generally show the least extent of specialization. The epiphytic 
prothalli have become thoroughly specialized to the epiphytic habit, and 
the clavatum and complanatum types to the subterranean terrestrial habit. 
We are justified, therefore, in regarding the Cernua and Inundata types 
as showing more nearly the original structure plan of the Lycopodium 
prothallus than the others. ' 

Thus we may conclude from a copiparative study of the general form 
and structure of the different Lycopodium prothalli that they are all more 
or less modified from some primitive type of structure, and that the chief 
factor in this modification has been the presence in them of the symbiotic 
fungus. This primitive type of structure was probably a more or less 
bulky filament of radial build, situated at the surface of the ground, and 
possessing chlorophyll. The adoption of a fungal habit opened the door 
to possibilities of modification of this simple type of structure, and gave 
to the Lycopodium prothallus its quality of plasticity. It was able to 
establish itself in new positions and soils, the different types of habitat 
resulting in different types of modification of the original structure. When 
the fungal habit was thoroughly adopted the early filamentous stage became 
lost, but in all its forms the Lycopodium prothallus has never departed 
from the radial build. 

It seems clear from a comparative survey of all the main characters 
of the Lycopodium sporophyte and gametophyte that the different sections 
of the genus are natural ones, and that their characters are all inter- 
dependent. It is possible that the varied aspect of the genus as it exists 
to-day has been due largely to the phenomenon of s3rmbiotic association 
with a fungus exhibited by its gametophyte generation, the varied structure 
of the sporophyte as regards the form adopted by the mature plant, the 
form of its spore-bearing regions, and its stem-anatomy following as a 
natural consequence from the spread of the gametophyte to different stations 
and soils. 
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Art. XXVIII. — Note^ on the Indigenous Vegetation oj the Nofth-eastern 
Portion oj the Hokonui Hills^ with a List of Species. 

By D. L. POPPELWELL. ; 

[Read before the Otago Institute, 14th October, 1919 ; received by Editor, 24th Octolier, 
1919 ; iaaued aeparately, 23rd June, 1920.] 

The Hokonui Hills consist of the high country which lies within the 
triangle formed by the Gore-InvercargiU section of the Main Trunk Rail- 
way, the Invercargill-Lumsden section of the Invercargill-Kingston line, 
and the Waimea Railway. They are roughly triangular in form, Gore, 
Lumsden, and Winton being the comers. Each side of the triangle is about 
thirty miles long, the total area being therefore about 300,000 acres. The 
highest point (Bare Hill) is 2,260 ft. above sea-level. The most southerly 
point is not more than a few miles from the sea, whilst the northern end 
extends about thirty miles inland. The Hokonui Hills are isolated from 
the surrounding chains, being bounded by the valley of the Oreti on one 
side, the Mataura valley on another, and the Southland Seawiid Plains on 
the third side. It is palpable that the different parts of a stretch of country 
such as this must show considerable difference in their plant covering, as 
they extend from near the sea to quite beyond what is usually accepted 
as the littoral belt. This block contains several thousand acres of bush, 
but most of it consists of uplands divided by several more or less open 
valleys with constant streams. Every class of soil and situation is there- 
fore presented, and consequently the planlj^life is of a very varied kindi 
To attempt to give a complete report would be a task quite beyond the 
time at my disposal at present, hence I will conffne my reniarks to that 
portion of the Hokonuis nearest Gore, locally known as Croydon Bush, 
and the uplands in the vicinity. I have also to point out that these notes 
do not profess to be exhaustive. Numerous introduced plants are also 
found, but are not further mentioned. The highest point in the area dealt 
with is East Peak (2,000 ft.) and an unnamed peak to the westward thereof, 
which is slightly higher than the. former. 
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From the list of species the curious fact will be noticed that Nothofaffus 
is completely absent from the area dealt with, and, so far as my observations 
go, from the whole Hokonuis. This is diflficult to account for, especially 
as this genus is common on all the surrounding hill-groups. 

In time to come, when the-^ botanical districts of New Zealand are 
divided into subdistricts, the absence of Notkofagus alone will almost justify 
the setting-apart of the Hokonuis as a subdistrict of the South Otago 
Botanical District. 

In the meantime I do not propose to describe the plant formations, 
but merely append a list of species observed during many visits to the 
north-eastern portion of the Hokonuis. The list contains 285 species 
comprising 146 genera, and spread over 57 families. 


LIST OF INDIGENOUS PLANTS. 
PTERIDOPHYTA. 

HyMENOPHYLLACEAE. ^ V 

Hymenophyllum sanguinolentum (Forst. f.) Sw. Common in forest. 

dilatatum (Forst. f.) Sw. Common in forest. 

flahellatum Lab. Common in forest. 

demissum (Forst. f.) Sw. Common in forest. 

Cyatheaceae. 

Dicksonia squarrosa (Forst. f.) Sw. Fairly common in forest. 

fibroma Col. Common. 

Hemitelia Smithii (Hook, f.) Hook. Not uncommon. 

Alsophila Colensoi Hook. f. Not uncommon. 

Polypodiaceae. 

Polystichum vestitum (Forst. f.) Presl. Common. 

Richardi Diels. Fairly common. 

Lindsa^a linearis Sw. Tussock meadow. 

Asplemum buJhiferum Forst. f. Abundant in forest. 

flaccidum Forst. f . Abundant in forest. 

flabdlifolium Cav. Not uncommon, but local 

Hookerianum Col. Eocky places in open bush. 

var. Colensoi Moore. Rocky places in open bush. 

Blechnum Pater soni (R. Br.) Mett. Common in damp gullies. 

discolor (Forst. f.) Keys. Abundant in dry places. 

lanceolatim (R. Br.) Sturm. Moist gullies. 

capense (L.) Schlecht. Fairly common. 

penna marinum (Poir.) Kuhn. Abundant. 

Jluviatile (R. Br.) Lowe. 

Hypolepis tenuifolia (Forst. f.) Bemh. Fairly common. 

Histiopteris incisa (Thunb.) J. Sm. Abundant 
Pteridium esculentum (Forst. f.) Cockayne. Plentiful. 

Polypodium Billardieri (Willd.) C. Chr. Tree-trunks, &c., in forest. 

diversijolium Willd. Plentiful in forest. 

grammitidis R. Br. Rare on tree-trunks, &c. 

— ^ punctatum Thunb. Common. 

Botrychium ternatum Swartz. Rare. 
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Gleioheniaoeab. 

Oleichenia Gunninghmnii Hew. In patches ; local. 

• OSMUNDACBAB. 

Leptopteris hymtnophylloides (A. Rich.)^ Pfesl. Damp gullies in forest. 
superha (Col.) Presl. Damp gullies in forest. 

Ophioglossacbab. 

Ophioglossum lusitanicum L. Tussock meadow. 

Lycopodiaceab. X 

Lycopodium Billardieri Spring. Not uncommon. 

fastigiatum R. Br. Plentiful. 

scariosum 'Foxet. i. Not plentiful. 

voluhile Forst. f. Not plentiful. 

Tmesipteris tannensis Bemh. On logs, &c. 

SPERMOPHYTA. 

Taxaceae. 

Podocarpus Hallii T. Kirk. Common in forest. 

totara D. Don. Rare ; in forest. 

ferrugineus D. Don. Fairly abundant. 

spicatus R. Br. Fairly abundant. 

dacrydioides A. Rich. Plentiful. 

Dacrydium cupressinum Sol. Plentiful. .. 

Potamogetonaceae. 

Potamogeton Cheesemanii A. Benn. In pools. 

Gramineae. 

Microlaena avenacea (Raoul) Hook. f. Common in forests. 

Hierochloe redolens (Forst. f.) R. Br. Fairly common. 

Agrostis parva Petrie. Bush tracks. 

Dichelachne crinita (Forst. f.) Hook. f. Mountain meadow. 

Danthonia Cunninghamii Hook. f. Common in uplands. 

RaouUi Steud. Abundant. 

Jlavescens Hook. f. Steppe. Not so common as D, Raoulii, 

pilosa R. Br. Not uncommon in meadow. 

semiannularis R. Br. Not imcommon in meadow. 

Arundo conspima Forst. f. Common. 

Poa oaespitosa Forst. f. Common on hills. 

imhedlla Forst. f. Not uncommon. 

Cohnsoi Hook, f . Fairly plentiful in meadow. 

var. intermedia Cheesem. Fairly plentiful in meadow. 

Festuca ruhra L. Lower steppe. Common. 

Agropyron scabrum (R. Br.) Beauv. In upper meadow. 

Cyperaceab. 

Sdrpus aucklandicus (Hook, f.) Boeck. Swamps. 

Carpha alpina R. Br. In swamps. 

Cladium Vauthiera C. B. Clarke. Wet places. 

Oahnia procera Forst. f . In forest ; common. 

Oreobdus pectinatus Hook, f . In boggy places ; not common. 



U2 Transactions 

' / 

Uncinia compacta B. Br. Mountain meadow. 

— ^ — undnata (L. f.) Kiiken. In forest. 

Carex secta Boott. Lowland swamps. 

ternaria Forst. f. Damp lowland swamps. 

dissiia Sol. Forest. 

ludda Boott. ' Swampy places. 

pseudo-cyperus Linn. Damp places in bush. 

Typhacbab. 

Typha angustifoUa L. Lagoon on north side. 

Ebstiaceae. 

Hypolaena lateriflora Benth. Lowland swamps. 

JUNCACEAE. 

J uncus polyanthemos Buchen. Damp places ; common, 

bufonius L. Damp^places ; common. 

planifolius R. Br. Damp places ; common. 

Luzula campestris DC. Several varieties ; common. 

Liliaceae. 

Enargea parviflora Kunth. Rare ; only one plant noted, in manuka heath. 
Cordyline australis (Forst. f.) Hook. Not plentiful. 

Astelia linearis Hook. f. Boggy places, lowland meadow. 

nervosa Banks & Sol. Common in forest. 

montana (T. Kirk) Cockayne. Not uncommon in swamps. 

Phormium tenax Forst. Common on foothills. 

Cookianum Le Jolis. Abundant on uplands. 

Chrysdbactron Hookeri Col. Common in damp situations. 

Herpolirion novae-zelandiae Hook. f. Common in meadows. 

Ibidaceae. 

Libertia ixioides Spreng. Not uncommon. 

— var. with creeping stolons. This variety is common in low- 
land tussock meadow. It differs in* having stolons. The leaves are 
wider and more striate, the peduncles much shorter than the leaves, and 
the flowers larger. Perhaps it should be accorded specific rank. 

Orchidaceab. 

Earina mucronata Lindl. Not plentiful. 

Thelymitra longifolia Forst. Common. 

uniflora Hook. f. Common on banks, &c. 

Microtis uniflora (Forst. f.) Rochb. Common in steppe meadow, 
Prasophyllum Gohnsoi Hook. f. Common in steppe meadow. 

Pterostylis Banksii R. Br. Not common. 

australis Hook. f. Fairly abundant in damp meadow, 

Galadenia bifolia Hook. f. In manuka heath. 

LyaUii Hook. f. In manuka heath at 1,000 ft. 

Gorysanthes rotundifolia Hook. f. ' Common on creek-banks. 

macrantha Hook. f. Damp places in forest. 

triloba Hook. f. Damp places in forest. 
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Ul^TIOAOBAB. 

Urtica inma Poir*. Common on bush tracks. 

ferox Porst. Eare ; in nortbem patt'X)! forest. 

Paratrophis micrdphylla Blume. Rare in forest. ^ 

Loranthacbab. 

Loranthus mioranthus Ilook, i. Plentiful in forest. 

Tupeia antarotica Cham. & Schl. Abundant. 

Korthalse^ Lmdsayi (Engl.) Van Tiegh. Common. 

clavata (Cheesem.) Van Tiegh. Not common. 

POLYGONAOBAB. 

Rumex Jlexuosus Sol. Not plentif\il ; north side cluefly. 

MueMenbeckia australis (Forst. f .) Meissn. Abundant ; forest-margin. 

complexa (A. Cunn.) Meissn. Abundant ; forest-margin. 

axillaris Walp. l)ry situations in meadow. 

Caryophyllacbab. 

Colohardhus adcularis Hook. f. In boggy ground. 

SteUaria parvijlora Banks & Sol. In open places in forest. 

Scleranthus bijlorus (Forst.) Hook. f. Dry meadow ; common. 

Ranunoulaoeab. 

Clematis indivisa Willd. Plentiful. 

— ^ — hexasepala DC. Not uncommon. 

foetida Raoul. Common on forest-margin. 

Ranunculus hirtus Banks & Sol. Fairly common. 

rivularis Banks & Sol. Common in damp places. 

lappaceus Sm. Plentiful. 

muttiscapus Cockayne. Common. 

foliosus T. Kirk. Not common. 

^ Magnoliacbab. ) 

Drimys colorata Raoul. PlentifiU. 

Cruciperab 

Cardamine heterophylla (Forst f.) 0. E. Schultz. Plentiful. 

depressa Hook. f. Not imcommon. 

Saxipragaceab. 

Carpodetus serratus Forst. Very abundant in forest. 

Pittosporaceab. 

Pittosporum tenuifolium Banks & Sol. Abundant. 

Golensoi Hook. f. Common. 

eugenioides A. Cunn. Common. 

CUNONIACBAB. 

Weinmannia racemosa L. f. Not uncommon in southern forest. 

Rosaceae. 

. Ridms australis Forst. f . Abundant. 

subpauperatus Cockayne. Common. 

— schmiddioides A. Cunn. Not plentiful. 
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Rvbus dssoides A. Cunn. Not plentiful, 

Patentilla anserina L. var. anserinoides (Raoul) T. Kirk. Not plentiful. 
Adaena nome-zelandiae T. Kirk. Not uncommon.. 

Sanguisorbae Yahl. Common throughout. 

var. pUosa T. Kirk. Hilltops. 

miorophylla Hook. f. Hilltops only. 

. Gbraniaobae. 

Geranium microphyllum Hook. f. Common in tussock meadow. 

sessilijlorum. Cav. var. glabrum Kunth. Common in steppe. 

Oxalis magellanica Forst. ' Rare. On bank of Otamete Stream at 1,000 ft, 
corniculata L. Abundant. 

• 

Rutaceae. 

Melicope simplex A. Cunn. Plentiful in forest. 

Olacinacbab. 

Pennantia corymhosa Forst. 

Callitrichaceae. 

Callitriche verim L. In pools, &c. 

Coriariaceae. 

Goriaria ruscifolia L. Plentiful. 

tJiymifolia Humb, & Bonpl. Common. 

Leguminosae. 

Sophora tetraptera J. Mull. var. microphylla Hook. f. Fairly abundant. 
Carmichaelia suhulata T. Kirk. Creek-banks. 

Elaeooarpaceae. 

Aristotdia racemosa (A. Cunn.) Hook. f. var. with red berries. Plentiful in 
forest. 

Colensoi Hook. f. Creek-banks. 

fruticosa Hook. f. On creek-banks above 1,000 ft. 

— var. with white flowers. On creek-bank ; rare. 

Eleaocarpus Hookerianus Raoul. Fairly abundant. 

Rhabinaceae. 

Discaria toumatou Raoul. Common on stony faces. 

Malvaceae. 

Plagianthus betulinus A. Cunn. Plentiful ; forest-margins. 

Hoheria popidnea A. Cunn. var. vulgaris Hook. f. Forest-margins. 
var. angustifolia Hook. f. 

Violaobab. 

Viola Cunninghamii Hook. f. Plentiful in steppe. 

Jilicaulis Hook. f. Plentiful in steppe. 

MeUcytus lanceolatus Hook, f . Fairly common but local 
Hymenanthera dentata R. Br. Forest-margin. 

var. alpina T. ]l^k. Hilltops. 



Thymblabaceae. 

Pimelea prostr^ Willd.J one or more varieties. Plentiful. 

sericechviUosa Hook. f. Not plentiful. - 

Drapetes Diefferihachii Hook. f. In elevated boggy places. 

Lyallii Hook. £. In elevated boggy places. 

Myrtaoeab. 

Leptospermum aooparium Forst. Plentiful. 

Myrtus pedun<yulata Hook. f. Plentiful in lowland forest. 
Metrosideros liuyida (Forst. f.) A. Kich. Plentiful in forest. 

hyperidjolia A. Cunn. Plentiful but local in forest. 

Onagracbae. 

Epilohium chionanthvm Haussk. Boggy places 

pictum Petrie. Plentiful. 

Hectori Haussk. Common. ‘ 

confertifoUum Hook. f. Common. 

— — alsinoides A. Cunn. Common. 

BiUardierianum Ser. Common. 

junaeum Sol. var. hirtigeTum A. Cunn. Not uncommon. 

pubens A. Rich. Plentiful. 

nummularifoliim R. Cunn. Bush tracks. 

linniaeoides Hook. f. Bush tracks. 

— — instdare Haussk. Common. 

Fuchsia excorticata L. f. Plentiful. 

Colensoi Hook. f. Common > 

Halorrhagaoeae. 

Hatorrhagis depressa Walp. Fairly abundant. 

micrantha (Thunb.) R. Br. Meadows. 

Myriophyllum elatinoides Gaud. Pools. 

Gunnera Jlavida Col. Swamps. 

prorepens Hook. f. Swamps. 

Araliaoeae. 

Nothopanax simplex (ForstJ Seem. Abundant in forest. 

Edgerleyi (Hook, f.) Harms. Not uncommon. 

Colensoi (Hook, f.) Seem. Abundant. 

Pseudopanax crassifolium (Sol.) C. Koch. Common in forest. 

ferox T. Kirk. Dry situations in forest. 

Shefflera digitata Forst. Not uncommon in damp gullies. 

Umbelliferae. 

Hydrocotyle novae-zealandiae DC. Abundant in damp places. 

asiatica L. Plentiful. 

Apium Jilif&rme (A. Rich.) Hook. Tolerably rare. 

Adphylla Colensoi Hook. f. Rare ; only two plants noted. 

~ — squarrosa Forst. Fairly common. 

Angelin Oingidium Hook. f. Abundant on banks, &c. 

CORNACEAE. 

fhiseKnia littoralis Raoul. Plentiful. ^ 

Corokia Cotoneaster Raoul; Abradant near lower edge of forest. 
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iShndtheria arUipoda Forst /. Fairly common in beatb. 

erecta (Cbeesem.) Cockayne, On creet-banks ; rare, 

depressa Hook. f. Abundant from 1,600 ft. upwards. 

perpleoca E. Br. Plentiful. ' 

^ Epacridaceae. 

/ 

PentcLckondra pumila (Forst.) R. Br. Mountain -heaths. 

Styphelia Fraseri (A. Cunn.) F. Muell. Throughout heath. 
Cyathoded empetrifolia Hook. f. Sphagnum bogs with Hypolaena, 
Dracophyllum longifoUum (Forst. f.) R. Br. Mountain-heath 
Urvilleanum A. Rich. Not very common. 

Myrsinaceae. 

Rapanea Urvillei (A. DC.) Mez. Plentiful in forest. 

SnUonia divaricata (A. Cunn.) Hook. f. Fairly abundant. 

Gentianaceae. 

Gentiana Grisebachii Hook. f. Not uncommon on upland heath. 

Apocynacbae. 

Parsonsia heterophylla A. Cunn. Abundant. 

capsularis R. Br. Fairly common. 

Convolvulaceae. 

Calystegia tuguriorum Forst. f, Forest-mafgins ; rare and local. 

Labiatae. 

Mentha Cunninghamii ^en\h. Creek-banks, &c. 

SCROPHULARIACEAE. 

Veronica salidfolia Forst. f. Lowland forest ; abundant. ^ 

Mazus radicans Cheesem. Abundant in damp meadow. 

Euphrasia Dyeri Wettst. Damp meadow. 

Plantaginaceae ' 

Plantago Raovlii Decne. Not plentiful. 

Rubiaceae. 

Coprosma rotundifolia A. Cunn. Plentiful near creeks in forest. 

areolata Cheesem. Not uncommon, 

parviflora Hook. f. Plentiful ; creek-banks. 

craasifolia Col. Fairly common. ^ 

rigida Cheesem. Fairly common. 

foetidissima Forst. Abundant. 

rhamnoides A. Cunn. Not plentiful. 

Colensoi Hook. f. Rare. 

acerosa A. Cunn. Dry banks, &c. 

brunnea (T. JSlirk) Cockayne. Creek-banks 

propinqua A. Cunn. Creek-banks. 

— — - luMa Forst. f. Not abundant. ^ 

— ^ linariifolia Hook, f . Plentiful ; dry hills in forest. 

\ramulosa Petrie. Coinmon. 



di^ondrhef^ (A. Cuirn.) Hook. Not plentiful, 

iehdom Hook. f. {?). In damp l)6g. 

OaUum umbrcmm Sol, In meadow ; not uncommon, 

Asperula perpusiOfa Kook, t Lowland meadow. ' 

Campanulaobab. 

Pratia angulata (Porst. f.) Hook, f. Abundant. 

WaUenbergia dibopmfginata Hook. Abundant. 

gracilis (Porst. f.) A, DC. Not uncommon. 

var. with very short stems and small flowers. Lowland heath. 

Stylidaoeab. 

Forstera tenelia Hook. f. Fairly plentiful above 1,800 ft, . 

COMPOSITAE. 

Lagenophora pumila (Forst. f.) Cheesem. Dry banks. 

petiolata Hook. f. Common in meadows. 

Brachycome Sinfilairii Hook. f. Plentiful in upper meadows. 

Olearia virgata Hook. f. Fairly common ; creek-banks, &c. 
var. lineata T. Kirk. Fairly common. 
ilidfolia Hook. f. In subalpine scrub in southern parts. 
arborescens (Forst. f.) Cockayne and Laing. Common on heath, &c. 
odorata Petrie. On margin of forest. 

Hectori Hook. f. On margin of forest. 
fragrantimma Petrie. Stony faces in north. 

Celmisia longifolia Cass. Abundant. 

var. alpina T. Kirk. Swampy places. 

coriaceae Hook. f. (?). Rare ; only one plant noted, on rocks. 

Gnaphalium luteo-alhum L. Abundant. 

trinerve Forst. f. Common On clay banks, &c. 

Traversii Hook. f. Wet, sour ground. 

Raoulia australis Hook. f. Not abundant. 

glabra Hook. f. Plentiful. 

svbsericea Hook. f. Mountain meadows. 

Helichrysum bellidiodes (Forst.) Willd. Abundant. 

filicaule Hook. f. Plentiful in meadows. 

— ^ ghmeratum Benth. & Hook. Rocky faces, &c. 

Cassinia V auyilkjfrsii Hook. f. Abundant. 

vpr! rubra T. Kirk, Not uncommon. 

Craspedia un^^a Forst. f. Plentiful in m^ow. 

Cotula attstrali^Rook. f. Damp plaqes. 

dioioa ‘Hook. f. Damp meadows. 

manioMo Petrie, Damp tracks, &c. ; plentiful. 

Senedo beJUdioides Hook. f. Common throughout. 

— — aowiAZawdictw Jbockayne. Abundapt. 

Erechtites premntllM^ (A. Rich.) DC. Plentiful in forest tracks. 
Taraxacum mdgeH^m^ Comm. Not uncommon^ 

Microseris ForstemM^^^* uncommon in steppe. 

Sofichus asper Hill. Fairly common. 
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Akt. XXIX . — Notes on the Indigenom Vegetation of Ben Lomond, 
with a List of Species. 

By D. L. POPPELWELL. 

[Read before the Otago Institute, 14th October, 1919 ; received by Editor, 24th October 
1919 ; issued separately, 23rd June, 1920.'] 

Ben Lomond is so well known as one of the side trips from Queenstown 
as not to require any further definition. It has, naturally, been visited by 
many botanists, but so far no list of its species has been published. 
I therefore propose to publish such a list, which is of interest both from 
the point of view of plant-geography and on account of the district 
being so frequently visited by tourists. The attached list has been com- 
piled from notes taken on many visits to the locality. While it does 
not profess to be exhaustive, it contains, I think, most of the plants, and 
should form the basis of a list which can be completed by additions in the 
future. The list contains 164 species, spread over 92 genera, and belonging 
to 49 families. 


LIST OF INDIGENOUS SPECIES. 

' PTERIBOPHYTA. 

Hymenophyllaceak. 

Hymenophyllum tunhridgense (L.) Sm. (?). Rocky faces over '’creeks. 

POLYPODIACEAE. 

Dryopteris punctata (Thunb.) C. Ch. Not common. 

Polystichum vestitum (Forst. f.) PresL Not plentiful. 

Asplenium hulhiferum Forst. f. Rare. 

flahellifotium Cav. In shade of rock, 1 mile. 

Richardi Hook. f. (?). Very rare. 

Jlacoidum Forst, f. On trees, &c. 

- — — Hookerianum Col. In rocky situation ; not common. 

trichomanes L, Rare ; base of hill. 

Blechnum penna marinum (Poir.) Kuhn. Not uncommon. 

capense (L.) Schlecht. Dry banks of creeks. 

fluviatUe (R. Br.) Lowe. Reservoir creek. 

lanceolatum (R. Br.) Sturm. Creek-banks. 

vulcanicum Christ. Rocky faces, in shade. 

Adiantum diaphanim Bhime. Shaded rock-faces, 2 miles. 

Hypohpis tenuifolia (Forst. f.) Bemh. Open faces near forest. 
Pteridium esculentum (Forst. f.) Common throughout. 

Paesia scaherula (A. Rich.) Kuhn. On mountain-side. 

Polypodium Billctrdieri (Willd.) C. Chr. Tree-trunks in forest. 

diversifoUum Willd. Common in forest. 

Oystopteris fragilis Bemh. Rocky crevices, &c. 

Pellaea rotundifolia Hook. Base of hill near QuemstoWn. 

■ Lycopodiacbae. 

Lycopodium Billardieri Spring. At 1 mile. 

^fastigiatum R. Br. ' Dry heath. 

ramuhsum T. Kirk. Heath, &:c. 
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SPERMOPHYTA. 

Taxacbab. 

Phyllocladud alpinus Hook, f . On forest-mar^n at 2,400 ft. 
Dacrydium BidwUUi Hook. f. Creek-bank at 4,400 ft. 
Pqdoca/rpus nivalis Hook. Mountain-side at 2,500 ft. 

Gramineae. 

Danthonia flavescens Kook, L Steppe; common. 

RaouUi Steud. Steppe ; common. 

prassiustula T. Kirk. Steppe ; common. 

Poa caespitosa Forst. f. Not common in steppe. 

Golensoi Hook. f. Not common in steppe. 

intermedia (Hook. f.]j Cheesem. Not common in steppe. 

Festuca ruhra L. Not common in steppe. 

Cypeeaceae. 

Carex lucida Boott. About 2,700 ft. 

ternaria Forst. f. About 2,700 ft. 

JUNCAOEAB. 

J uncus polyanthemos Buchen. . Damp places. 

Luzula campestris DC, Mountain meadow, 2,400 ft. 

Liliaceae. 

Cordyline australis (Forst. f.) Hook. Not plentiful. 

Asteiia nervosa Banks & Sol. Not abtmdant. 

montana (T. Eark) Cockayne. At 2,750 ft. ; not abundant. 

Phormium CooJcianum Le Jolis. 3,400ft., at edge of forest. 

Orohidaceae. 

Corysanthes macrantha Hook. f. Creek-banks. 

Gastrodia Cunningkami, Hook. f. .Rare. ^ 

Fagaceae. 

Nothofagus fusca Oerst. Common at low levels. 

Menziesii Oerst. Not very plentiful. 

Solanderi Oerst. Abundant. 

r oliffortioides Oerst. Abundant. 

Blairii (Oerst.) T. Eark, Near lake-side. 

apiculata Col. Near 1 mile. 

Urticaceae. 

Urtica incisa Poir. In forest. 

Loranthacbae. 

LorarUhus micranthus Hook. f. On Coprosma, 

POLYGONACEAB. 

Rumex Jlexuosus Sol. Not common. 

Muehlenhechia complexa (A. Cunn.) Meissn. Forest-margin. 

axiUaris Walp. Gravelly creek-banks, &c. 

PORTULAOACBAE. 

Claytonia atistralasica Hook. f. Not imcommon. 
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Caryophyllacbae. 

Stelkma parviflora Banks & Sol. Not uncommon. 

Hectordla caespitosa Hook. f. Mountain->side. 

Ranunculaceab. 

Ranunculus hirtus Banks & Sol. Damp places. 

lappaceus Sm. Common. 

muUisoapus Cockayne. Fairly common. 

Cruciferab. 

Cardamine heterophylla (Forst. f.) 0. E. Schultz. Creek-banks. 

Saxipragaceae. 

Ca/rpodetus serratus Forst. Fairly common. 

PiTTOSPORACEAE. ' 

PiUosporum tenuifolium Banks & Sol. Lake-side. 

Rosaoeae. 

Rubus australis Forst. f . Common. 

suhpauperatus Cockayne. Dry places. 

Oeum parvijlorum Sm. Tolerably common. 

Uiospermum Petrie. Not uncommon. 

pusillum Petrie. Not uncommon, 

Acaena Sanguisorbae Vahl. Common. 

var. pilosa T. Kirk. Common. ^ ’ 

novae-zelandiae T. Kirk. Common. , 

— — tndcrophylla Hook. f. Abundant. 

Geraniaceae. 

Geranium sessilijiorum Cav. Common in meadow. 

microphyllum Hook. f. Common. 

CORIARIACEAE. 

Coriaria ruscifolia L. Common on lake-side, &c. 

angustissima Hook. f. At 2,600 ft. 

Leguminosab. 

Sophora microphylld J. Mull. Lake-side. 

Elabocarpaobab. 

Aristotdia racemosa (A. Cunn.) Hook, f. Near lake-side. 
var. with red berries. Rare. 

Rhamnaobab. 

Discaria toumalou Raoul. Dry places near lake, 

Malyacbab. 

Gaya LyaUii J. E. Baker. In reservoir creek. 

* 

ViOLACEAE. 

V tola Cunninghamii Hook, f . Common m damp places. 

JiUoauUs Hook, f. Not uncommon# 
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Thymblbaobab. « 

PirndeU prostrata Willd, Fairly common. ^ 

Drapetea Di^enbachii Hook. f. Common. 

LyaUii Hook. f. More rare thAn D^ Diffenbachii. 

Myrtacpab. 

Leptoapermum acoparitm Forst. Common. 

Metroaideros lucida (Forst. f.) A. Eich. Rare ort lake-side. 

Onagraceae. 

EpUobium Hectori Haussk. Common on tracks, &c. 

linnaepides Hook, f . Damp places. 

pictum Petrie. Common. 

Fuchsia exoorticata L. f. Damp forest. 

Cclensoi Hook. f. Not uncommon. 

Araliaceab. 

Nothopanax Colensoi (Hook, f.) Seem. In damp forest. 
Pseudopanax crassifolium (Sol.) C. Koch. Not plentiful. 

Cmbelliferae. 

Hydrocotyle novae-zealandiae DC. Damp places. 

Aciphylla Colensoi Hook, f. Above 3,000 ft. 

pinnatijida Petrie. Rare ; in boggy places at 4,400 ft. 

Angelica decipiens Hook. f. In ^alpine meadow. 

Anisotome imhricatum Hook. f. High elevation only. 

Cornaceae. 

Griselinia littoralis (Raoul). Lake-side. 

Corokia Cotoneaster Raoul. Forest-margin. 

Ericaceae. 

Oaultheria antipoda Forst. f. var, erecta Cheesem. Dry banks. 

depressa Hook. f. Abundant. 

rupestris R. Br. Common. 

Bpacridaceae. 

Pentachondra pnmila (Forst. f.) R. Br. Not abundant. 

Styphelia Fraseri (A. Cunn.) F. Muell. Abundant. 

acerosa Sol. Plentiful near lake. 

Drcuiophyllum rosemarinifolium R. Br. Abundant. 

prostratum T. Kirk. Common near summit. 

muscoides Hook. Not uncommon. 

Myrsinaceae. 

Rapanea Urvillei (A. DC.) Mez. Rare in forest. 

Gbntianacbab. 

Oentiana corymbifera T.\Kirk. Common. 

bellidifpUa Hook. f. Not imcommon. 

Boraginaceae. 

Myosotis Ooyeni Petrie, Rooks near Queenstown. 

Labiatae. 

Mentha Cunnimghcmn Benth. Creek-banks, &o. 



Transactions. 


SCROPHULABIACEAE. 

Veronica salicifolia Fotat /. Lake-side and creek-banks. 

Bidwillii Sook. Dry creek-banka ; plentiful 

LyaUiiHook. i. Near creek; common. 

huxifolia Benth. At 2,400 ft. 

Hectori Hook. f. At 4,350 ft. 

Ourisia caespitosa Hook. f. Damp creek-bank. 

Euphrasia zelandica Wettst. Wet places near creek. 

Rubiaceab. 

Coprosma Unariifolia Hook. f. Not common. 

propinma A. Cimn. Creek-banks. 

lucida Forst. Reservoir creek. 

rigida Cheesem. Ben Lomond Gully. , 

crassifolia Col. Creek-bank, &c. 

repens Hook. f. Alpine meadow. 

Nertera depressa Banks & Sol. Damp places at 4,400 ft. 

Galium umhrosum Sol. Alpine meadow. 

Campanulaceae. 

Pratia angulata (Forst. f.) Hook. f. Tolerably common. 

Wahlenbergia albomarginata Hook. Abundant. 

gracilis (Forst. f.) A. DC. Comparatively rare. 

Lobelia linnaeoides Petrie, Somewhat rare. 

Stylidaceae. 

* 

Phyllachne Golensoi (Hook, f.) Berggr. In bogs ; rare. 

Forstera sedifolia L. f. Tolerably plentiful. 

Bidwillii Hook, f . At *2,500 

COMPOSITAE. 

Lagenophora petiolata Hook. f. Not very common. 

Brachycome Sinclairii Hook. f. In subalpine meadow. 

Olearia arborescens (Forst. f.) Cockayne and Laing. Common in forest. 

avicenniaefolia Hook. f. Near lake-side. 

moschata Hook. f. At 2,750 ft. 

Haastii Hook. f. Near creek at 4,000 ft. elevation. 

Celmisia Lyallii Hook. f. From 4,300 ft. upwards. 

discolor Hook. f. Rocky cliff protected from stock. 

laricifolia Hook. f. Damp ground above 4,000 ft. 

Walkeri T. Kirk. Above 4,000 ft. 

Onaphalium trinerve Forst. f. Not common. 

Tra/oersii Hook, f . Damp places. 

Raoulia australis Hook. f. Common. 

glabra Hook. f. Common. 

Parkii Buck. Comparatively rare. 

Hdichrysum bdlidioides (Forst.) Willd. Common. 

Jilicaule Hook, f . Fairly abundant. 

glomeratum Benth. & Hook. Dry places near lake. 

Cassinia V auviMiersii Hook. f. Fairly abundant. 

Craspedia uniflora Forst. f. Not plentiful; 

Senecio Lyallii Hooff. f. Creek-banks. 

bdlidioides Hook. f. Creek-banks. 

SQuihlandicus Cockayne Not plentiful. 

revolutus T. Kirk. Common. 
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1919; Ueued eeparately, 30th June, 1920S\ 

At the end of 1918 the author was able, through the kindness of Dr. Chilton, 
of Canterbury College, to pass a short time at the Canterbury College 
Mountain Biological Station, at Cass. During this visit material was col- 
lected for an account of all the roaette plants of the district, but the author 
has been able to study only a few of the plants ; hence in the present paper 
the anatomy only is dealt with. The author hopes, in a subsequent paper, 
to work out the anatomy of the rest of the rosette plants, and to consider 
the conclusions drawn from such anatomical study. 

The following list gives the names of all the indigenous rosette plants 
to be found in the vicinity' of the station. This list is taken from the list 
of species compiled by Codkayne and Foweraker.* 


KANaNCULACBAB. 

Ranunculm multiscapus Hook. f. 
depressm T. Bark var. 

Crucifekae. 

Cardamine heterophylla (Forst. f.) 
0. E. Schulz var. 

Eosaoeae. 

Geum parviflorum Sm. 

Geraniaceae. 

Geranium sessilijlorugt Cav. var. 
glahrum Kunth. 

ViOLACEAE. 

Viola Cunninghamii Hook. f. 
Umbelliferae. 

Anisotome filifolia (Hook.f.) Cockayne 
and Laing. 

aromatica Hook, f . var. 

Angelica montana (Forst.) Cockayne. 


Gentianaceae. 

Gentiana corymbifera T. Kirk var. 

Boraginaceae. 

Myosotis australis R. Br. var. 

Plantaginacbae. 

Plarvtago spathulata Hook, f . 

triandraBeiggr, 

Campanulaceae. 
Wahlenbergia alhomargincUa Hook. 

Compgsitae. 

Brachycome Sinclairii Hook, f . 
Celmisia spectabilis Hook. f. 

Lyalin Hook. f. 

Gnaphalium Traversii Hook. f. 
Senecio bellidioides Hook. f. var. 
gldbratus T. Kirk. 

Lyalin Hook, f . 

lautus Forst. f. var. montan/us 

Cheesem. 

Micros^s scapigera Sch. Bip. 
Taraxqtyum mageUanioum' Comm. 


^ L. Cockayne and C. E. Fowbraker, Notes from the Canterbury CoUege Mountain 
biological Station : No. 4 — ^The Principal Plant Associations in the Immediate yicinity 
of the Station, Trane. N.Z. Inet., yo\. 48, pp. 166-^86, 1916. 



•pi- Tranmctiom. 

^ 1. Geum parviflorum Sm. 

This plant is found i in rocky situations. The appearance of the plant 
is shown in hgs. 1 and 2, fig, 1 being that of a plant growing in a shaded, 

damp station, fig. 2 of a plant growing in a more exposed position. The 

leaves are 1 in. long, either erect or more or less prostrate ; they are 

imparipinnate, the leaflet at the end being a large, crenate leaf, while the 



Fig. 1 . — Qmm parviflorum. Plant from sheltered position (half natiu^ size). 

lateral leaflets are small, most of them being quite minute. The leaves 
are hirsute on both surfaces, and also on the petiole ; while on the petiole, 
especially near the base, ^here are long, brown, silky hairs. The root- 
s^tem is well developed, and consists of- a mass of tough, wiry, fibrouk 
roots, which bear many branches. 



Anatoliy, 

Leaf (figs, 3~10a). — In the leaf all the large veks, especially <3k 
areiprominent on ^e under-surface. The upper epidermis (figs. 4 lind 5) 
consists of fairly large cells, more or less ov^ in transverse section, ^||dch 
have l^ickened walls, the outer walls being the more thickened. In simaoe 
view these cells are irregular in outhne. Stomata are numerous, there being 



Fia. 2 . — Oeum parviflorum* PUmt from exposed position (half natural size). 

about 75 per square millimetre oh the upper surface. The lower epidermis 
is similar to the upper, except that the cells are somewhat flatter as seen in 
transverse section, and as seen in surface view they are more irregular in 
shape,, the cell-walls having a wavy outiine, On the lower surface stomata 
are more numerous, there being about 2^ per square millimetre. The 
stomata are at the same level as the epidermal cells, and the gaard<^lls 
have thick walls. On both surfaces of the leaf there are hairs, which are 




Fia. 3. — Oeum parviflorum. Transverse section of leaf (x 36). a, upper epidermis; 

b, palisade tissue ; c, spongy tissue ; d, xylem ; c, phloem ; /, aqueous 
tissue ; g, long unicellular hair ; h, short unicellular hair. 

Fig. 4. — Oeum parvijlorum: Transverse section of leaf ( x 176). a, upper epidermis ; 
bf stoma ; c, palisade tissue ; d, spongy tissue. 

Pig. 5. — Oeum parviflorum. Upper epidermis of leaf (x 176). a, cells round base of 
hair ; 6, base of hair. 

Fig. 6. — Oeum parviflorum. Lower epidermis of leaf (x 36). a, club-shaped hair; 
b, long unicellular hair ; c, cells above vascular bundles. 

Pig. 7. — Oeum parviflorum. Club-shaped hair (x 176). 

3Fig. 8. — Oeum parviflorum. Base of long unicellular hair ( x 176). a, hair ; 6, cushion 
round base. 

Fig. 9. — Oeum parviflorum. Transverse section of petiole ( X 36). a, aqueous tissue ; 
6, bundle-sheath ; c, xylem ; d, phloem. ' 

Fig. 10a. — Oeum parviflorum. Transverse section of base of petiole ( x 24). a, tannin- 
containing cells ; bt bundle-sheath ; c, xylem ; d, phloem ; e, solercnohymk 




,of seyeml jdnda |M). There are 6x[ both aur&oes 
&tiS> brk%, lihi^Iukr ha^^ whidii ate {^ of ej^derliud^^^ 

ahd whi^h.have thick w of l£is are sc^tt^;^ 

surface of the leaf, also on the |^tiole,'aud oa the lower 
they arise from the eiddexmal Cells in the vicinity of the Tty^rdar 
(fig, 6). The epidermal cella rotmd many of these are sonmwhat 
than Ihe others, formii}|; a land of cushion round the base of the hh^ 
(figs. 5 and 8). In addition to the above-described unicellular hairs, tihafe! 
are, much shorter, thinner unicellular hairs, both on the leaf (espeoia&$^ 
the lower surface) and the petiole (figs. 3, 0, 10). Hairs of a thi^ kind 
(figs. 6 and 7) are found near the vascidar bundles on the lower surface of 
the leaf : these are club^haped, multicellular, glandular hairs ; they consist 
of ’8 or 4 cells, of which the basal cell is thick-walled and contains only a 
small amount of protoplasm ; the other ^ are thin-walled and filled with 
granular protoplasm. The end cell is much larger than the others. 

The chlorenchyma (figs. 3 and 4) is differentiated into palisade and 
spongy tissue. The former consists of two layers of cells which are fitirly 
compactly arranged; the spongy tissue is nearly twice as wide -as the 
pali^e, and is composed of rounded or irregular cells with larger air-spaces 
between them. In both the cell-walls are slightly thickened, and there are 
numerous large oval chloroplasts. 

In the midrib (fig. 3) there are usually three vasciilar bundles, of which 
the central one is the largest. Each Vascular bundle is surrounded by a 
small amount (a layer about 3 cells deep) of colourless parench 3 mia.‘ 
Practically the whole of the midrib is fiUed with an aqueous tissue consisting 
of large cells with slightly thickened walls ; these cells are circular in trans- 
verse section and are closely arranged. Just above the vascular bimdle 
some of these cells contain a few chloroplasts. In the midrib, the lower 
epidermis consists of cells which are small, thick-walled, and, in transverse 
section, circular. The cuticle here is sdmewhat thicker. The layer pf cells 
next to this epidermis has thicker walls than the rest of the aqueous tissue, 
and the cells themselves are smaller. The xylem consists of vessels which 
are circular in section, of small diameter, and with thick walls ; with the 
vessels there is xylem parenchyma; the phloem is composed of sieve- 
tubes, companion cells, and a little parenchyma. B^w the phloem there 
is a small mass of sclerenchyma. 

Petioie (fig, 9). — This digram is of half the petiole. The ^epidermis 
consists of very small cells in which all the walls are thickened, ^especially 
the internal and external walls ; a cuticle somewhat^ thicker than that in 
the leaf is present. Stomata are found on both si^dfeces. Some of the 
epidermal cells are produced into the two kinds Jof hairs described in 
connection with the leaf. The short hairs are much more numerous than 
the long ones. Practically the whole of the ground-ti^ue forms an aqueous 
tissue in which the cells are large, rouhd^ or polygonal, with slightly 
thickened cellulose walls, and ai^ closely arranged so that there are only 
minute air-spac^ between the cells. The three lajfers of ceUs just inside 
the epidermis are smaller, and have thicker walk ; in these celk there aife 
a few chloroplasts. 

The vascular bundles are arranged in the form of a cresc^mt, the largest 
being at the centre. Each vascukr, bundle is surrounded oy a sheath of 
ceQs, which is clearly distinguished owing to the fact that the oelk contain 
tan n i n . Bound the sheath the oelk of ihp groimd-tissue arC much smaller. 
The vascular bundles are the same as in the leaf, except that wpod-vesiiek 





Tfw%aaet$0n«. 




aa^e more numerous, of larger diameter, and more irregular m 
Surrounding the xylem ana phloem (between theee and the sheatihi) is 
small-celled tissue — above the xylem parenchyma, and below ^e j^oem 
sclerenohyma* ^ 

))i^\Base of Petiole (fig. 10a). — The epidermis of the upper surface condsts 
of small cells, usually oval in transverse section, wi& thin lateral walls 

but thicker internal and external 
ones. A thin cuticle is present, and 
there are no stomata. The cells of 
the lower epidermis are smaller than 
those of the upper, and have thicker 
walls. In the up^r surface the c^lls 
of the layer adjacent to the epi- 
dermis are large, oval or irregular 
in shape, with lightly thickened 
walls. The rest of the ground-tissue 
consists of large, more or less circular, 
closely packed cells, many of which 
contain tannin. Near the lower epi- 
dermis there is a layer of smaller 
cells with thickened walls, also con- 
taining tannin ; the lower epidermal 
cells contain tannin. The vascular 
bimdles, of which there are three, 
all large, are of the same structure 
as in the upper part of the petiole. 
In this part, however, the cells 
of the bundle-sheath are suberized. 
The parench 3 rmatous elements of 
both xylem and phloem contain 
tannin. 

Root (fig. 10&). — This is a diagram 
of a section of one of the older roots. 
On the outside are the remains of 
l^e old cortical cells. Then comes 
a layer of cork-cells, all of which 
contain tannin, and have thick walls, 
which are, however, only slightly 



Fio, 106.-— porvi/lprtfm. Tnutisverse 
section of root ( x 2^^ a, dead cor- 
tex ; 6, old oodk cells ; c, young cork 
cells; d, cortex ; e, phloem ; /, xylem ; 
Qi starch-ccmtaining ^lls ; h, pith. 


suberized. Internal ix) the pheUogen is cortex, consisting of irregular cells 
which|have thick cellulose walls, and most of which contain tannin. The 
pith consists of closely arranged rounded or polygonal cells which have 
thick walls, and maiiy of Which contain tannin. Some of the cells also 
contain starch, in the form of large rounded grains. The xylem and 
phloem form's continuous cylinder, the amoiint of phloem being small. 
In the xylem the number of vessels is few ; these are oval or circular in 
section, and jbhick-waUed. The rest, of the xylem consists of wood-fibres, 
which are tUck-walled and polygonal in shape, almost free from tannin, 
but containing a large amount of Utarch. 

■ ' 

2. Cardamme heterophylla (Foist, f.) 0. E. Schulz var. 

This plant is a slender, almost glabrous herb. Practioally all the leaves 


loe ladii^ ; these are 1-4 in. long, tmd exe 
leaflet beinff much laruer than the others, of whi^ 


.te, the terminal 
tere are usuallv twa 


BSTTfi * — SoutH ^lantB at Cubb. 



|jgQ Tranmcttom. 

pairs. The leaflets are rounded or irregularly lobed, with entire marpn. 
A few of the leaves, the shorter ones, have only one leaflet. The flowering- 
stems are l--5in. high, and usually b^ar a few small leaves, which have 
usually only 1-3 leaflets (fig. 11). The roof-system is well developed, 
consisting of a main tap-root, which gives rise to numerous branches. 



Fio. 12,*— C?ardamt?ie heterophyUa, Transverse section of portion of leaf ( X 175). a, raiall 
gnard-oell of stoma ; 6, bair ; c, paJisade tissue ; d, xylem ; e, phloem ; 
/, spongy parenchyma ; g, large epidermal cell. 

, Jte. IZ^^ardamine heterophyUa, Upper epidermis in surface view (X 176). 
fto. 14.— Cordamipe Jieterophylla. Lower epidermis in surface view (x 176). 

» Anatomy. 

Leaf (figs, 12-14).T-Both the upper and the lower epidermis consist of 
^odls which vaiy considerably in size, both in sec^n ami in surface view ; 
some of the cells are small, others very large, and sflfehtly convex on the 
outer surface, so that they project somewhat beyond the level of the other 



oeliU« in ujpi^r «nd lo^r^ 

' the latter, and here the eelb, as seen m- surface vievr, ate even 
gul^ in online than those of ike upp^ (1^. 13 and 14). Stoaia|^^^ 
the {;uaxd-cellB sa^> are found on both surfaces^ 

more numerous on the lower ; on^the up^ sorfaee there are about 
per square millimetre, and on the lower about IdS. A few of the (ells of 
upper epidermis (fig. 12) are produced into Icmg, unicdlular, thiok-walled 
hairs, the walls of which ^ covered with small excrescences of caloiuin 
oxalate. On both surfac}^ is a thin cuticle. 

The chlorenohyma is differ^tiated, although in parts not too clearly. 
The palisade parenchyma consists of large, thm-4ralled, more or less oval 
oells which vary in size and which contain numerous small oval chloro- 
plasts. This layer is usually only one cell deep. The spongy tissue, which 
occupies the greater part of the leaf) consists of oval or irregular ceUs whi< 2 h 
are loosely arranged, so that there are large intercellular air-spaces. This 
tissue also contains numerous chloroplasts. 

The vascular bundles are small, and each is surrotmded by a little 
thin-walled colourless parenchyma. The xylem consists of vessels which, 
infsection, are sihall, circular, and thick^walled ; associated with the xylem 
ia a small amount of xylem parenchyma. The phloem is of the usual form. 

|The leaf is thickened at the midrib, where there is an aqueous tissue, 
consisting of large, roundish or irregular thin-walled* cells, in which there 
areja very few chloroplasts. 



Fig. 15.— Oofdlemfne heterophyUa, TruxsTene fiction of petiole ( X 72). 
a, fuiTOMr o! upper surface ; 6, ehldMnehyma ; c, aqueous t»saa ^ 

Petiole (fig. 16).— The petiole is convex on the lower surface, ami bn th,c 
upp^ is more or less fiattened, mth a groove running* down each tbe 

nu^b. The epidermis is the efvee ^ in the leaf, consbt^ of 
together with mnchvla^ger, sonlewha^ P^jecting cells/ 


262 Tranmetioni. 

on both Buxfeoes. - There are three vaeonlar bundles — a sir^ one heat each 
margin, and a larger one, hdiich is surrounded by h well-marired mdiq- 
dermis, oooupyii^ the centre of the petiole. Some of the cells of th^ 
endodermis are d^tly suberised. The structure of the vascular bundle 
is the same as in the leaf. 

l!he mesophyll consists of large, thin-walled, more or less circular cells 
which are closely packed together. At the margin — that is, in the vicinity 
of the small vascular bundles — the cells are smaller, and they contain 
abundant chloroplasts. In the other part of the ground-tissue, especially 
near the epidermis, there are a few chloroplasts, but most of this tissue 
is the colot^ss aqueous tissue. 



Fia. 16.— HekrophyUa, Transverae seotion of flower^bearing 
stem ( X 230). a, ohlorenohymatoos ooi^z ; 6, endodermis ; 
c,pericyole; d, phloem; e, xylem- vessel ; /, wood-fibre; g,pith. 

Fhwermg-atem (£g. 16). — The epidermis consists of small oval or root- 
angular cells in which all the cell-walls, but especially the izmer and outer, 
are thickened ; there is a thin cuticle. Stomata are present, the guaid-oe&B 
being 8ome'#hat larger than in the leaf ; they are prot^ted by small 
miain-ceU ridges. The whole of the cortex, with, the exception of the endo- 
oermia, is (^oienchjnnatous. It consists of oval, thinWalled cells which 
"VBxy in size and whi^ contain numerous small chloroplasts. 



TSie exuiodetims is a jdngle of ceUs ; the vas^ai^^^^ 

the ceQ^walls m this Ihyer' a^ subcdsed, but not in 
the inedj^i^ lays, ^e perioycle dohs&m of sinkU, thin-^l^e^^ 
ohymatous',oells*. . .' ^ -Vi ■■■ .; 

There 0xh five vasctilex bundles, arranged in a circle. The 
sists of vessels of feirly large diameter, toget^^ wi^ small wood-fibi^. : 



Fro. 17. — Cairdam^ heUrq^Ua. Traiurvenie aeotion of root (x 175). 

a, 8ab6fisidddto^ 5,oo]iex iiith c, phloem; xylem- 
vessel ; e, xylam jMiirenchyina. 

The phloem group is nearly as wide as the xylem. Between the bundles the 
medullary ThyB are lignified, consistii^ of small, rounded, thick-walled cells ; 
the xylem and these li^nfied elements together form an imdula^g band. 
The pith is not liguMed, and consists of large, thin-walled, circular c^. 

Root (fig.- 17).-^Diagram is from a section of the tarHioot. On the out* 
side are a cbu]^e of layers of ^mall| irregular, thin-wklled, dead cells which 


Tranmctioni, 
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have their walls suberized. The cortex consists of cells in which the 
cell-walls, composed of cellulose, are very much thickened ; the tissue is 
compact, with only small intercellular air-spaces. The cortical pells vary 
considerably in size : in the outer part of the cortex they are large, and 
irregular in shape ; in the inner part they are much smaller, and more or 
less oval in section. A large amount of starch is stored up in the cortex. 

The endodermis and the pericycle are not clearly defined. The xylem 
occupies the whole of the centre of .the root, and is surrounded by a con- 
tinuous zone of phloem. The vessels of the xylem are scattered ; they are 
of large ^ameter and have thick walls. Accompanj^g the vessels there 
is a large amount of xylem parenchyma which consists of rectangular or 
irregular thick-walled cells. 

3. Plantago triandra Berggr. 

This plant is illustrated in fig. 18. It is a small plant, with a short, thick 
rootstock bearing numerous radical leaves. These leaves are in. long, 
with irregularly and remotely serrate margins, and sparingly pilose on the 



FiO. 18 , — Plantago triandra. Entire plant (natural size). 


upper surface with short hairs, the lower surface being glabrous. The root- 
system is short, and consists of a mass of fibrous roots which do not branch 
very much. 

Anatomy, 

Leaf (figs. 19-22).— The upper epideimis is sparingly pilose, the hairs 
being long, jointed ones, consisting of about 6 cells (fig. 21). The basal cfell 
is very large and is more or less circular ; its^ia-meter is 2-4 times that of 
the other epidermal cells. This basal cell is thin-walled at the bottom, 
but at the outside ike wall is much thickened. The rest of the cells of the 



Bbttb.— J 2o«e<^e Plants at Cass. 

hair are large, about twipe as long as broad, and* the apical cell is wedge* 
shaped ; these cells are thick-walled throughout, but are not cutiimlarized ; 
they contf^in protoplasm in the form of primor^al utricle and protoplasihic 
^trands, and the nucleus is large and oval. The average length of haii^ is 
0*5 mm. The upper epidermal cells are large, with slightly thick^ed 
walls, and somewhat irregular in outline (fig. 20), Stomata are numeroi^s 
(about 166 per square millimetre) ; the guard-cells have thickened waUs, 
are protected by fairly prominent guard-cell ridges, and are at the samfi 
level as the epidermis. 



Fio. 19 . — Planiago triandra. Transverse seoUon of leaf ( x 230). a, hair ; 

b, basal cell of hair; c, stoma; d, palisade parenchyma;. 
e, spongy parenchyma ; f, hydathode. 

The lower epidermis is similar to the upper, except that the cells a^ 
a, little longer, but are smaller in section, and stomata are more numerous 
(about 200 per square millimetre). A very thin cuticle is present on both 
surfaces. In addition to the hairs described for the upper surface there 
are hydathodes— sparingly developed on the upper but more niuneious 


Transactions, 


on the lower surface. They are of the capitate form (Haberlandt*). They 
consist of two parts — (1) the basal portion or foot ; (2) the head, of about 
2 cells. The cells of this latter portion have thickened, non-cuticularized 
walls (fig, 19). 

The chlorenchyma is difEerentiated. The palisade tissue consists of 1-^ 
rows of cells — ^large, broad cells, the outer layer being composed of cells 
about twice as deep as broad, the inner layer or layers of cells about as 
broad as deep. The ceils are thin-walled, fairly closely arranged, and 
contain numerous small ellipsoidal chloroplasts. The spongy tissue also 
consists of large, thin-walled, oval or somewhat irregular cells, containing 
a smaller number of chloroplasts. The chloroplasts in the palisade tissue 
are slightly larger than in the spongy tissue. Beneath each stoma there 
is a fair-sized air-space. 

The vascular bundles are not numerous and are very small. In the 
midrib there is, between the vascular bundle and the lower surface, a 
small amount of aqueous tissue, consisting of rounded cells which are 



Fio. 20 . — Plantago triandra. Upper epidermis of leaf ( x 230). 

a, guard-cells ; h, base of hair. « 

Fio. 21 . — Plantago triandra. Jointed hair ( x 48). 


either colourless or contain a few chloroplasts. The mesophyll above the 
vascular bimdle is not differentiated, and consists of very large cells which 
contain chloroplasts. Below the naidrib the cells of the lower epidermis 
are much smaller, are circular in transverse section, and have all their 
walls thickened. Above the lower epidermis, in the midrib, is a single 
layer of colourless collenchyma. 

The vascular bundle of the midrib is small, and is surrounded by a 
bundle-sheath of fairly large, thin-walled cells, in a few of which there is 
a small number of chloroplasts. The xylein consists of vessels of small 
diameter, together with xylem parenchyma. There^is also parenchyma with 
the phloem. Above the xylem and below the phloem there is a small amount 
of sclerenchyma, consisting of small irregular cells with thick walls. 


* Habbblakdt, Physiological Plant Ancdomy (English translation), p. 491 ; London, 
1914. 
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Leaf -base (fig. 22). — The leaf-base is elongated and sheathing, ooloilr- 
8, and thickened consideiably near the centre, but thin and membranous 



Fig. 22 . — PlarUago triandra. Transverse section of petiole ( X 48). 
a, aqueous tissue ; b, xylem ; c, phloem ; d, bundle-sheath. 


at the margins. The upper epidermis consists of large, thin-walled, colour- 
less cells, without any stomata. The outer walls are slightly thicker than 
the others. The lower epidermis is composed of smaller cells than the 
upper, and the walls are somewhat thicker. 

The ground-tissue consists of large, rounded, thin-walled cells in which 
the protoplasm is reduced to a* very thin layer lining the walls ; this tissue 
is for water-storage. The vascular bundles are small, and of the same 
structure as in the leaf. 



Fig. 23 . — Plantago triandra. Transverse section of root ( x 175). 

a, suberized cells ; 6, cortex ; o, endodermis ; d, peri- 
cycle ; €, phloem ; /, xylem. 

Root (fig. 23). — The vascular cylinder is small, consisting of a central 
mass of xylem, composed of elements of small diameter, and with thickened, 
pitted walls; surrounding the xylem is a narrow band of phloem. The 
pericycle is a single layer of thin-walled cells. The endodermis is w;ell 
marked, and consists of cells somewhat larger than the cells of the peri- 
cycle and with thiiiker, slightly suberized walls. 


^88 " Tranmctious^ 

.The cortex consists of fairly large, thin-walled cells ; in an old root, as 
ilinstrated, the hairs of the piliferous layer have disappeared, and the sub- 
dermal layer of cortical cells have their walls slightly suberized. 

4. Brachycome Sinclairii Hook. f. 

The appearance of a single rosette is given in hg. 24. The plant is more 
or less succulent, 1-3 *in. high, and practically glabrous. The plant has a 
short, thick, branching rhizome, and it is by this means that the |^nt is 



Fig. 24. — Brachycome Sinclairii. Entire plant (x li- 


able to form mats. The leaves are J-2 in. long, broad and rounded at the 
tip, and gradually narrowed into the flat petiole ; they are deeply toothed, 
and in some cases appear even pinnatifid. 

Anatomy. 

Leaf 25-27). — In transverse section the cells of the upper epidermis 

are seen to be large and somewhat squarish, with all their walls thickened, 
the outer ones considerably, the thickening being equal to about half the 
depth of the cell-cavity. The stomata, which are numerous, are raised 
above the cavity of the epidermal cells, but are at the same level as the 
thickened external walls. The guard-cells have thickened walls and guard- 
cell ridges. In surface view (fig. 26) the cells of the upper epidermis are 
seen to be large and irregular or polygonal. A thin, unevenly but not 
deeply ridged cuticle is present. On the upper surface there are about 
220 stomate per square millimetre. 

The cells of the lower epidermis (fig. 27) are similar to those of the 
upper, except that the cell-walls are not so much thickened ; in surface 
view these cells are more irregular in outline than the cells of the upper 
epidermis. Stomata are not as abiindant as on the upper surface ; there 
are 150 per square millimetre. The guard-cells of the stomata of the lower 
surface are a little smaller than in the upper surface. 

The chlorenchyma is differentiated ; the palisade tissue occupies about 
one-third and the spongy parenchyma two-thirds of the mesophyll. In 
both the cell-walls are very thin. The palisadic - cells are oval or oblong 
in transverse section, about twice as deep as wide, faifly compactly arranged, 
and containing numerous small rounded chloroplasts. The spongy tissue 
consists of large, more or less rounded cells, with small air-spaces between 
the cells ; they contain a much smaller number of chloroplasts than the 
paHsade-cells, and form an aqueous tissue. 
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The vascular bundles are small, and are surrounded by a shea^ of thin* 
walled, eolouriess cells. The xylem consists of vessels round in section, 
^th thick walls, and of icylem parenchyma. The amount of phloem is 
small, The leaf is much thicker in the midrib, where the vascular bundle 
is accompanied by a mass of large, rounded, thin-walled, colourless clffls. 
There is a smaller amount of this colourless tissue with the other "bundles. 

Petiole (%. 28). — ^The petiole is thick and fleshy, being used for waters 
storage. The upper epidermis consists of large cells in which the lateral 
walls are thin, and the inner and outer thickened, but not so much as in the 
leaf-lamina. A cuticle as in the leaf is present. Many of the epidermal 




' Fig. 26 . — Brachycome Sindairii, TraoB verse section of leaf ( x 230). a, ridged 
cuticle ; 6, thick epidermal wall ; c, palisade tissue ; d, spongy tissue ; 
e, guard-cell ridge. 

Fio. 26. — Brachycmm Sindairii, Upper epidermis of leaf (x 230). 

Fig. 27. — Brachycome Sindairii. Lower epidermis of leaf (x 230). 


cells contain chloroplasts, and near the centre of the petiole, above the 
midrib, a few of them are produced into long, unicellular hairs which 
contain protoplasm. At the margin of the petiole are found a few capitate 
glandular hairs. The lower epidermis is similar to the upper, except 
that it does not produce any hairs, and the cells are smaller and contain 
more chloroplasts. There are stomata on the upper but not on the lower 
surface. 

There are five vascular bundles — ^a large one at the centre, and four very 
small ones. The bundle-sheath is not clearly ^marked off from the small- 
celled parenchyma surrounding the bundle. The structure of the bundles 
is the same as in the leaf. 
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The ground-tissue consists of large, rounded, thin-walled, ^slosely arranged 
cells. 'Hie 1-2 layers of these cells adjacent to the epidermis are chloren- 
dbymatous, as also in the tissue in the margin of the petiole. The main 
bulk of the ground-tissue is, however, colourless, forming an aqueous tissue. 

Rhizome (fig. 29). — The epidermis consists of cells which are oval or 
rounded in transverse section, and which have all their walls slightly 
thickened, the external being the most thickened. A very thin, uneven, 
ridged cuticle is present. The cortex consists of large, rounded, colourless 
cells which have their walls slightly thickened and which form a water- 
storage tissue. In the inner part of the cortex there are, at intervals, a few 
secretion-canals which are lined with a layer of thin-walled epithelial cells. 



Fig. 28, — Brtichycome Sirtclairiu Transverse section of petiole (x 72). 

a, I unicellular hair ; 6, chlorenchyma ; c, aqueous tissue ; 

*xy)em ; e, phloem. 

The endodermis is well marked, consisting of a layer of irregular cells 
with thin suberized walls. There is no continuous pericycle, but this layer 
is represented by a number of groups of pericycle fibres, in which the cells 
have thick, ligmfied walls and small lumen. The phloem forms a fairly 
wide band and is continuous round the xylem ; it consists of sieve-tubes, 
companion cells, and a fairly large amount of phloem parenchyma. The 
xylem joins a practically continuous band of vessels and of wood-fibres 
with fairly thick walls. It is interrupted by a few uniseriate medullary 
rays, also with thickened, lignified walls. The pith is solid, and consists^ 
of thin-walled, large, round cells. 

In an older part of the rhizome the epidermis has disappeared, and the 
outet layer of the cortex is suberized. 






Fig. 29 .’ — Brachycame Sindairii, Transverse section of rhizome (x 175)/ 
a, ooi^x; 6, canal; c, epithelial layer; d, endodermis; e, pericyole 
fibres ; /, phloem ; g, :prlem ; medullary ray. 

Fig. 30 . — Brachycome Sindairii, Transverse section of root (x 175). 

a, suberized cells; b, cortex; e, endodermis; d, perioycle; 

. e, phloem ; /, xylem. 


walls. The xylem forms a compact triangular-shaped mass, and its elements 
have thick walls. The phloem forms t^ee large masses, and consists of 
sieve-tubes, companion cells, and phloem parenchyma, all of which have 
their elements of small diameter. ^ 
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The cortex is a wide band of tissne, consisting of large, more orj less 
circular cells, compactly arranged, and with slightly thickened walls. / 

/ 

5. Gnaphalium Traversii Hook. f. j 

The plant is a small perennial herb ^IJin. high. The plant produces 
a large number of runners (figs. 31 and 32), which give ris^ to newi plants 
at a short distance from the parent plant, so that fairly compact mats are 
formed by the runners going in all directions. The leaves are ih. long, 



Fig. 31, — Gnaphalium Traversii. Plant (half natural size) to show root-system. 

Fig. 32. — Gnaphalium Traversii. Plant (half natural size) to show runners. 

spathulate in shape, and clothed on both surfaces, also on the petiole and 
ruimer, with a silvery tomentum. The root-system is a' mass of tough, 
fibrous roots. 

Anatomy. 

Leaf (fig. 33). — From the transverse section it is seen that the leaf is 
very much thickened at the midrib, where there is a large amount of 
aqueous tissue. The upper epidermis consists of large cells, in which the 
lateral and inner walls are, thin, but the outer are thickened! There ife a 
thin cuticle on both surfaces. The cells of the lower epidermis are much 
smaller than those of the upper. On both surfaces many of the epidermal 
cells are produced into long, two-celled hairs, the outer cell being much 
longer than the basal cell. Stomata are confined to the lower surface, 
where they are raised above the epidermal oells. The guard-cells are small 
and have thick walls. Owing to the dense mass of tomentum it is impossible 
to find the number of stomata per square millimetre. 

The mesophyll consists of palisade and spongy tissue. The palisade 
tissue consists of a single layer of oval cells in which are numerous elongated 
chloroplasts. The spongy parenchyma, which is compactly arranged, is 
composed of rounded or oval cells, also containing chloroplasts. All the 
mesophyll cells are thin-yralled.^ 

The aqueous tissue in the midrib consists of large, thin-walled, rounded 
cells, with small air-spaces between them. Above the lower epidermis in 
the midrib a single layer of these cells contain chloroplasts. 

In addition to the hairs described above, there are club-shaped, glandular 
hairs, which consist of about 5 cells. ^ 
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Petiole . — The petiole is very much thickened at the midrib, but is 
thin at the margin. The upper epidermis consists of fairly large celb, in 
which the lateral walls are tl^, the inner and outer somewhat thicken^. 
Many of these cells are product into hairs as in the leaf. Stomata we 
confined to the lower surface. 

The mesophyll consists for the most part of large, thin- walled, rounded 
or polygonal, closely arranged cells. This tissue is for water-storage. Near 
the flattened margins of the petiole the cells are smaller and contain a few 
flattened chloroplasts. 



Fio. 33. — Qnaphalium Traversii. Transverse section of leaf, passing through midrib 
( X 176). a, palisade tissue ; 6, spongy tissue ; c, two-celled hair ; d, stoma ; 
e, glandular hair ; /, xylem ; g, phloem ; h, aqueous tissue. 

There are three vascular bundles, the one in fhe midrib being large, 
the others smaller. Each is surrounded by a small amount of thin-wall^, 
^.olAurless parenchyma ; the bundle has the same structure as in the leaf. 

Gunner (fig. 34). — This is cylindrical in transverse section. The 
epidermis consists of small cells, much smaller than in the petiole, whi^h 
have all their walls slightly thickened. Some of these cells are produced 
into hairs like those in the leaf, except that, while in the leaf they are 
usually two-celled, in this case they are three-celled. 
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There are a few stomata, the guard-cells of which are level with /(ihe 
other epidermal cells and have thickened walls. / 

The cortex consists of large, thin-walled, rounded or somewhat irre^lar ^ 
cells which have small air-spaces between them and which form a water- 
storage tissue. In the outermost layers there are a few chloroplasts, i^hich 
are smaller than those in the leaf. > 



Fig. 34. — Ona/phalium TraverHi, TransTerse section of runner (x 230). 

a, cells with chloroplasts ; b, colourless cortex ; c, endodermis ; 
d, pericycle ; e, phloem ; /, xylem ; gr, pith. 


■ The central cylinder is fairly small, ocojupying less than half the dia- 
meter of the stem. It is surrounded by a well-marked endodermis in 
which all the cells are large and have suberised walls. 


/ ■' ' ' ■'< ' ' '' . , ■ 

Th^peiicycle is a single layer of .«mall thin-walled parenchynaatoiiB 
cells. !^e pUoem and zylem form a continuous cylinder round ^e pith, 
which consists of large, rounded cells wil^ somewhat thicl^ened walls. 
In the zylem the vessds and fibres are polygonal m section and are th«&- 
walled* ' 11“!/ . 

Boot (fig. 36 ).— The diagram is of an old root, in which the piliferous 
layer has been worn ofi, ezposiug the cortez; the outermost layer is of 



Fio. 36. — Onaphalium Traverm. Transvene section of root 
( X 230). 0, Buberized cortez ; b, cortex ; c, endo- 

dermis ; d, phloem ; e, zylem. 

small cells with the walls, which are thin, slightly suberized. The rest 
of the cortez consists of oval or irregular cells with thicker walls, and small 
air-spaces between the cells. 

The endodennis is a single layer of small oval cells with thin suberized 
walls. The zylem forms a compact central mass, in which the elements 
are polygonal in transverse section and have thickened walls; The phloem 
forms a narrow band surrounding the zylem. 
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Art. XXXI, — Notes on the Autecology of certain Plants of the Peridotile 
Belt, Nelson: Part I — Structwre of some of the Plants (No. 3).* 

By M. Winifred Betts, M.Sc. 

{Read before the Otago InstUnie, 10th Decombear, 1919 ; received by Editor, ilet December, 
1919 ; issued separately, SOth Jurte, 1920,] 

25. Cyathodes acerosa R. Br. 

HcAit. — This plant is an erect, branching shrub, 1~2 ft. high ; the 
branches are woody and spreading, and the bark is black. The leaves 
are spreading, in. long, acerose, linear, rigid, pungent-pointed, glaucous 
beneath, with 3 to 7 parallel veins. 


Leaf . — The upper epidermis is composed of very regular rectangular 
cells which have the longer sides at right angles to the surface of the 
leaf. These cells have very thick mucilaginous cell-walls, and their cavities 
are very small and contain tannin. There is a thick cuticle. 

The lower epidermis consists of small cells which have thick walls (but 
not nearly as thick as in* the upper epidermis). There is a thick cuticle 
on this surface also. Most of the cells of the lower epidermis are produced 
into short papillae with very thick, cutinized walls. Stomata are confined 
to the lower epidermis; the guard-cells ar^ small, and are at the same 
level as the other epidermal cells. 

The chlorenchyma is differentiated into palisade and spongy tissue. 
The palisade tissue consists of 3 or 4 rows of narrow, elongated cells. The 
outermost layer has all the cella full of tannin ; the others contain small 
chloroplasts. The outer layer is very compact, but there are small inter- 
cellular air-spaces in the inner layers. 

The spongy tissue occupies about a quarter of the width of the leaf. 
It is composed of small, irregular, thin-walled cells, many of which contain 
tannin. There are small intercellular air-spaces in this tissue. 

The number of vascular bundles varies from 3 to 7. The xylem and 
the phloem are both small in amount, and in the parenchymatous elements 
there is tannin. Below the phloem there is a mass of stereome, consisting 
of small cells with their walls so much thickened that their cavities are 
almost obliterated. , Above the upper p6xt of the bundle there is a sheath 
of small cells with unlignified walls. 

Stem . — The cork forms a narrow band ; it is composed of very small, 
thick-walled cells which are very closely arranged. 

The cortex consists of oval, thin-walled cells, which contain tannin, 
aiyi which form a compact tissue with very small intercellular air-spaces. 

The phloem is composed of small elements ; the medullary rays passing 
through it contain tannin. 

The xylem is composed of a moderate number of vessels which haye 
thick waUs. The^ rest of the xylem consists of wood-fibres which have 
very thick cell-walls and small lumen. 


♦For Nos. 1 and 2 see Trans. N.Z. Inst., voL 60, pp. 230-43, 191&, and roL 61, 
pp. 136-66, 1919. 
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The medullary rays are uniseriate, frequent, and have thickened, 
lignified walls, and contain tonnin. 

The pith is solid, and is composed of large polygonal cells with thick, 
lignified, and pitted walls. The cells contain tannin. 

26. Gentiana coiymbifera T. Ehrk. 

Habit . — The plant is a perennial herb. The root is stout, long, and 
tapering. The stems are simple and rarely branched from the bai^^ 
stout, erect, terete, 6-20 in. high. The leaves are both radical and 
cauline. The radical Jeaves are numerous, rosulate, l-2Jin. long, J-Jin. 
broad, narrowed into a short petiole. The blade is coriaceous, and rather 
thick and fleshy. The cauline leaves are few in number, f-1 J in. long, 
linear-lanceolate, and sessile. 

Anatomy. 

Leaf . — The upper epidermis is composed of large cells which in trans- 
verse section are oval. They have all their walls, and especially Hie 
external ones, thickened. These cells contain drops of oil. There is a 
thin, rough cuticle. 

The lower epidermis is the same as the upper, except that the cells are 
somewhat smaller. There is a thin cuticle on this surface also. Stomata 
are found on both surfaces, but are much ‘more numerous on the lower. 
The guard-cells are small, and have very thick walls. The stoma is 
protected by guard-cell ridges which are rather large. 

The chlorenchyma is differentiated into palisade and spongy tissue. 
The palisade tissue consists of 5 rows of large cells with slightly thickened 
walls. These cells contain very numerous small chloroplasts, and there 
are small air-spaces between the cells. 

The spongy tissue is composed of large, irregular cells, the walls of which 
are only slightly thickened. There are quite large intercellular air-spaces 
in this tissue. These cells contain a thin layer of protoplasm in which 
are embedded small chloroplasts, which are not nearly as numerous as in 
bhe palisade tissue ; these cells serve as water-storage cells. 

The vascular bundfes are small and numerous; associated with both 
bhe phloem and the xylem there is parenchyma. The bundle is surrounded 
by a sheath of thin-walled parenchymatous cells which contain a few 
chloroplasts. Below the main bundle there is a small amount of coUen- 
chyma. 

Stem . — The epidermis is composed of cells which are large and rounded 
in transverse section. They have all their walls very much thickened, 
ind there is also a moderately thick, rough cuticle. Some of the epidermal 
cells contain drops of oil. 

Below the epidermis there is a well-marked hypoderma. This consists 
Df cells which are the same as the epidermal cells, and they also have their 
external walls cuticularized. The hypoderma is in places separated from 
bhe epidermis by a large air-space. 

The cortex is a wide band ; it is composed of large, more or less oval 
cells which have their v walls somewhat thickened. There are very small 
intercellular air-spaces in this tissue. In the outer part of the cortex the 
cells contain a feiy small chloroplasts. All the cortical cells form an 
iqueous tissue. The endodermis is well marked ; it is a layer of large 
cells with thin suberized walls. 
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The phloem is a fairly wide baad of tissue ; the sieve-tubes are of 
small diameter, and there is a large amount of phloem parenchyma. There 
are also small groups of sieve-tubes on the inside of the xylem. 

The xylem is a wide band ; it is formed for the greater part of very 
regular rows of wood-fibres with slightly thickened walls, fliere are no 
‘ m^uUary rays. On j}he inside of the band of fibres there are a few small 
vessels. 

The pith is composed of large thin-walled cells which have small inter- 
cellular air-spaces between them. 

27. Myosotis Monroi Cheesem. 

Habit . — This plant is a small perennial herb which is more or less 
hispid with short, stifi, white hairs. The radial leaves are numerous, 

in. long, narrow obovate-spathulate, narrowed into a rather long slender 
petiole, hispid with short, stiff, white hairs on the upper surface, more 
sparingly so beneath, and sometimes glabrous except the midrib.. The 
cauline leaves are smaller and narrower. 

Anatomy. 

Leaf (fig. 1). — The upper epidermis consists of large roundish or squansh 
cells with thin walls, except the external, whiph are slightly thickened. 



Fig. 1 . — Myoagtia Monfoi. Transverse section of leaf (x 175). a, uni- 
oellnlar hair; ,6, stoma; c, palisade parenchyma; spongy 
parenchyma ; c, xylem ; /, phloem. 


A very thin cuticle is present. Numerous epidermal cells are produced 
into long, stiff hairs with small protuberances on their outside walls. 
Stomata are found on bdth surfaces of the leaf ; the guard-cells are small 
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and have thickened walls, and are level with the suThu)e of the leaf ; there 
are gaard-eeQ riches. / 

The lower epidermis is the same as the upper, except that tlie|odlB are 
somewhat smaller. There is a thin cuticle 9n this siurface ^Iso. The. 
hairs are not nearly as numerous as on the upper surface. 



Fin. 2 . — Myoaotia Monroi. ffransveree section of stem ( X 175). 
a, unicellular hair ; 6, chlorenchyxha ; c, aqueous tissue ; 
d, phloem; e, xylem; /, pith. 


The ohlorenchyma is difEerentiated into palisade and spongy tissue. 
The palisade tissue consists of 4 rows of cells — ^the 3 ou^r layers are of 
oval cells, while the 4th consists of cells which are more or l^s rounded 
in transverse section. These cells contain numerous large chloroplasts, 
and there are airHspaoes between the cells. 




TranBoetions. 


280 

l ■ . . ■ 

The spongy tissue consists of very large, irregular, thin-walled cells 
which are loosely arranged, so that there are large air-spaces. These 
cells also contain numerous chloroplasts, which are, however, smaller than 
in the palisade tissue. Just above the lower epidermis there is a single 
layer of more closely arranged roundish cells with abundant large chloro- 
plasts like those in the palisade .tissue. 

Surrounding the vascular bundle there is a sheath of small, irregular, 
thin-walled, colourless, parenchymatous cells. Between the sheath around 
the midrib and the lower epidermis the cells are smaller, compactly 
arranged, and contain fewer chloroplasts. The vascular bundle contains 
only a small amount of lignified tissue. 

Stem (fig. 2). — The epidermal cells are small and roundish, and have 
.their external walls somewhat thickened. There is a very thin cuticle. 
Some of the epidermal cells are produced into hairs like those on the leaf. 
The stomata are level with the surface ; the guard-cells have thickened 
walls. f 

Below the epidermis there is a layer of small round cells which have 
thin walls and which contain numerous chloroplasts. Between this layer 
of cells and the rest of the cortex there is in most parts a large air-space. 
Bel®w the air-space the cortical cells vary considerably in size. The 
first layer consists of roundish cells with fairly numerous chloroplasts ; 
then the cells become much larger. They afe more or less polygonal and 
fairly compactly arranged, so that there are only small intercellular air- 
spaces. These cells contain a few small chloroplasts ; these are found 
near the comers where three cells meet. Just above the phloem the cells 
are smaller. All the cortical cells have thin walls. 

The amount of phloem is small ; the sieve-tubes and the phloem- 
parenchyma cells are of 'small diameter. 

The xylem forms a continuous band ; it consists chiefly of wood-fibres 
with somewhat thickened walls, and also of a few vessels of small diameter. 

The pith is wide and is solid ; ji^st below the xylem the cells are 
smaller, but as we pass inwards the cells get very large ; they have thin 
walls, and are arranged so that there are small intercellular air-spaces. 

28. Euphrasia Monroi Hook. f. 

Habit , — The plant is a small perennial herb with stems erect or 
decumbent below, ^8 in. high, leafy above and sparingly branched. The 
leaves are rather close-set, spreading, in. long, obovate^ or obovate- 
spathulate, obtuse, narrowed to the base but not evidently petiolate, 
coriaceous, glabrous, and having one short obtuse tooth on each side. 


Leaf (figs. 3~6). — On examining the leaf one observes on both surfaces 
'some well-marked grooves. These are shown in figs. 3 and 4. These 
grooves are dark brown in colour, and are much more numerous on the 
lower than on the upper surface. On ^ the upper surface there are only 
two ; these pass from the midrib to the single tooth on each margin of 
the leaf. On the under surface there is a groove running almost round 
the leaf close to the margin. This groove is somewhat irregular in outline ; 
from it numerous other grooves branch off. Cheeseman {Manual of the 
'N,Z, Flora, 1906, p. 554) in describing this plant does not mention these 
grooves. When transverse sections are taken of the leaf it is seen that 
the grooves are lined with cells which are water-absorbing cells. 



Bbtts. — Aut ecology of "BUmU of Feridotitt Belt ^ lUdion. ^81 

Figs. 5 and 6 show sehematically a section through the upper pari 
and the middle of the lamina respectively. From these diagrams it will 
be seen that small vascular bundles go to the ventral giooves and end 
just under the cells lining them. It is reasonable to suppose that thest 
cells are for the purpose of absorbing water and not exuding it. ^ 

Fig. 7 gives the structure of the leaf in more detail. 

Both the upper and the lower epidermis consist of large, regular cells 
those of the upper surface being larger than those of the lower. These 
cells have their external walls slightly thickened, and there is a thii 
cuticle ‘ Stomata are found on both surfaces ; the guard-cells are small, 
have thickened walls, and are level with the surface. There are smal 
guard-cell ridges. 



Fig. 3. — Euphretsia Monroi. Upper surface of leaf (x 4). a, groove. 

Fig. 4. — Euphruaia Monroi, Lower surface of leaf ( X 4). a, groove. 

Figs, 6, 6. — Euphrodia Monroi, Transverse sections through leaf ( x 30). 
a, vascular bundles ; 6, cells in grooves. 

' The chlorenchyma is differentiated, but only to a small extent. Practi- 
cally the whole width of the leaf is occupied by spongy tissue ; the celh 
just above tke lower epidermis are more like spongy tissue, but the 
transition between the two types of tissue is not very marked. The f 
layers of cells just below the upper epidermis consist of smaller cells whibl 
are more or less rounded and have their walls slightly thicker than dc 
the rest of the mesophyll cells. The next 5 or 6 layers of cells are verj 
large, long cells. Just above the lower epidermis the cells are more irregular 
All the mesophyll cells contain numerous oval chloroplasts. 

In the furrows there are numerous projections for water-absorption 
These are formed of 2 cells which have tiheir walls slightly thickened 
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Fig. 7 . — Euphrasia Monroi, Transverse section of leal (x 176). a, stoma; 

6, ap^r epidermis ; c, mesophyll ; d, va49cular bundle ; c, cell of groove. 
Fjg, 8 . — Euphsaeia Monroi. Transverse section of upper epidermis just above 
the midrib, a, excretory hair. 

Fig. 9 . — Euphrasia Monroi, Surface view of uppei* epidermis above midrib, 
a, water-absorbing cell ; stoma ; c, excretory hair. 
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Below these cells there is a basal ceU which is small and has its wall 
cutinized. 

Adjacent to these water-absorbing cells there are several layers of 
small, thin-walled Cells which do not contain any chlorophyll. 

Small vascular bundles end blindly in the small-celled tissue adjacent 
to the water-absorbing cells. The vascular bundles are numerous ; both 
the xylem and the phloem contain parench 3 ana, and the bundle is surrounded 
by a sheath of thin-walled, colourless, parenchymatous cells. 

On the upper surface, and especially above the midrib, there are a few 
excretory hairs which are covered with minute excrescences of calcium 
oxalate. These hairs are seen in surface view in fig. 9 and in transverse 
section in fig. 8. 

Stem (fig. 10). — On the outside there is a bark formed of the dead 
epidermal and cortic^ cells. The cells of the cortex and of the epidermis 
have thickened walls, and the epidermal cells have their external walls 
cuticularized. A few of the epidermal cells are produced into short, stiff 
hairs with thick walls and a thin cuticle. 

Bounding the bark there is a single layer of large cells with thin 
suberizcd walls : this is the endodermis. Inside this there is a pericycle : 
this is composed of 1-3 layers of small ceUs with thickened, lignified walls. 

The phloem forms a wide band ; the sieve-tubes are of small diameter ; 
witii the phloem there is a fair amount of parenchyma. 

The xylem forms a wide ring ; it is composed of wood-fibres and a few 
narrow vessels which have thickened walls and are very regularly arranged 
in rows. 

The medullary rays are not very close together ; they are uniseriate, 
and are composed of small cells with thickened lignified walls. 

The pith is also lignified ; the cells are rounded or polygonal, and have 
thin walls. 


29. Wahlenbergia albomarginata Hook. 

Habit. — The plant is a small perennial herb, 2-4 in. high, with a 
branched rootstock putting up a few short, erect stems. The leaves are 
rosulate or crowded on the short stems ; they are J-f in. long, oblanceolate, 
obtuse, narrowed into a short petiole, entire, thick, and coriaceous ; the 
margins are white and cartilaginous. The peduncles are leafless, one- 
flowered, and about 6 in. high. 

Anatomy. 

Leaf (fig. 11). — The upper epidermis consists of very large cells with 
thickened walls, especially the external ones. In addition there is a thin, 
rough cuticle.. Some of the cells are produced into long, stiff hairs, the 
walls of which are very slightly cuticularized. 

The lower epidermis is formed of small cells which have their, external 
walls very much thickened. A cuticle is also present. Stomata are con- 
fined to the lower surface ; the guard-cells are small, and are raised above 
the other epidermal cells. There are very small guard-cell ridges. 

The chlorenchyma is differentiated into palisade and spongy tissue. 
The palisade tissue consists of 3 rows of large, thin-waUed cells which 
contain numerous fairly large chloroplasts. The two outer layers are 
closely packed, but there are small air-spaces between the cells in the 
third l^yer. 
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The spongy tissue is composed of large, irregular, thin-wal ed cells which 
contain numerous chloroplasts ; there are moderately large air-spao^ 
between the cells. - 

In the margins of the leaf the epidermal cells are smaller, and their 
walls are very much thickened, and some of them are produced into small 
papillae. Inside this layer there is a group of small cells which have 
very thick mucilaginous walls and very small cell-cavities. . 

The vascular bundles are small and contain only a small amount of 
lignified tissue. There is no stereome. The bundle is surrounded by a 
sh^th of thin-walled colouiless cells. Below the midrib there are some 
small, round, thin-walled cells which do not contain chlorophyll: they are 
for water-storage. 

Peduncle , — The epidermis is composed of small cells which have all 
their walls, especiall;^ the lateral ones, very much thickened. The cavities 
are small. In addition there is a fairly thick rough cuticle. Stomata 
are of the same type as in the leaf. 



Fig. 11. — W ahleTibergia (db<yimvrg%riaJta, Transverse section of leaf (x 48). a, uniceUular 
hair ; 6, large cells of upper epidermis ; e, cuticle ; d, stereome in leaf- 
margin. 


The cortex consists of 3-4 layers of oval cells with slightly thickened 
walls. These cells are closely arranged so that there are only very smaU 
air-spaces ; the cells contain numerous chloroplasts. The endodermis is 
well marked, and consists of one layer of cells with thin suberized walls. 

The phloem forms a narrow band. The sieve-tubes are of small diameter, 
and there is a good deal of parenchyma. 

The amount of xylem is small. There are small groups of vessels 
surrounded by wood-fibres which have very thick walls and small cavities. 
The pith-cells are large and round ; most of them lignified, but there 
are a few cells in the centre which have unlignified walls. ^ 

Stem (fig. 12).— The epidermis is composed of somewhat larger cells 
than the epidermis of the peduncle ; in * transverse section the cells are 
squarish ; their lateral walls are only slightly thickened, but external 
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aad internal ones are much more so. There is a thick, rough cu|icle. 
Some of the epidermal cells are produced into hairs like those on the 
leaf. ' • 

The cortex is a wider band than in the peduncle. The cells of the 
outermost layer have their walls slightly thickened, but the rest of the 
cortical cells have thin walls. There are only very small intercellular air- 
spaces. The oelb contain a very few small chloroplasts in a .peripheral 
layer of protoplasm. The cortex forms a water-storage tissue. 

The endodermis and the phloem are the same as in the peduncle, 
except that the phloem is a wider zone of tissue. The cambium is easily 
seen. 



Fig. 12 . — Wahlenbergia albomargimta. Transverse section of stem ( X 48). 
a, unicellular hair ; b, endodermis ; c, phloem ; d, cambium ; b, xylem. 

/ 

The xylem consists of vessels of small diameter ; there is a large 
amount of xylem parenchyma. The pith is formed of large thin-walled 
cells which are closely packed together and are not lignified. 


30. Celmisia longifolia Cass. var. gracilenta T. Kirk. 

HMt . — This plant is a small, tufted, perennial herb. The l^ves are 
all radical, simple, and erect ; they are 3-7 in. long, in. broad, and 
the margins V are revolute. The whole leaf is covered with silvery-white 
tomentum, and is produced into a broad sheathing base, which is also 
covered with tomentum. The sheathing leaf-bases are* persistent, and are 
used to store water (c/. with “ tunic ” grasses-^.gr,, Poa Colemoi), 
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Anatom^, 

Leaf (figs. 13-17). — ^The general shape of the leaf in transverse section 
isishovm in fig. 13. From this it will be seen that the midrib is very 
prominent, that the tomentum is thick, and that the leaves are revolate 
almost to the margin. . 

Fig. 14, illustrates a section passing through the mid/rib. Both the lower 
and the upper epidermis consist of regular squarish cells which do not 
contain chlorophyll and which have their cell-walls very much thickened. 
There are no stomata in this region. From the epidermal layers very 
numerous fine hairs are produced, which form a silvery tomentum below 
the midrib and over the whole of the upper surface of ihe leaf. There is 
a thin cuticle on both surfaces of the leaf. 

The vascular system .in the midrib consists of one large bundle and 
two much smaller ones. The vessels of the xylem.are arranged in very 
regular rows separated by xylem parenchyma. There is also a feirly large 
amount of parenchyma in the phloem. Above the phloem and belo^ the 
xylem there is a mass of stereome, consisting of cells with very thic)c 
walls and small cavities. The cells above the xylem are larger than those 
below the phloem. 



Fig. 13 . — Cdmiaia Umgifolia var. gracUenta. Transverse seotion of leaf (X 36). 
a, tomentum ; 6, vascular bundle. 


Just above the lower epidermis there are 2 rows of chlorenchymatous 
cells. These cells are roundish, and have their walls slightly thickened, 
and contain numerous chloroplasts. Just below the main bundle these 
cells have their walls much thicker and contain a much smaller number 
of chloroplasts. 

All the space between the upper epidermis and the chlorenchyma of 
the lower surface (except that occupied by the vascular bundles) is filled 
by a tissue consisting of very large cells with fairly thin walls. These ^oells 
are arranged very closely together, so that there are only minute intercellular 
air-spaces \frtiere tlyree cells meet. All these cells form an aque1)us tissue. 

^Section of the Leaf through the Lamina (fig. 15). — The upper epidermis 
consists of regular more or less squarish cells which are l^er than the 
epidermal cel^ above the midrib. They have their walls considerably 
thickened, the external walls being thickened the most, and there is a 
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rather tbhij rough cuticle. From the upper surface there la produced a 
tomentum which is composed of very fine hairs. These hairs are 3~4-celled ; 
the lowest cell has a cutini^ed wall. 



14. — Cdmisia kmgifoUa var, graciUifUa. Transverse section of leaf passing 
through midrib ( x 175). a, upper epidermis ; 6, oil-drops ; c, xylem ; 
d, phloem ; e, long multicellular hairs ; /, shorter, 'more slender hairs ; 
g,/tqueous tissue. v • ^ 


The chlorenchyma is difierentiated into palisade and spongy ^tissue. 
The palisade tissue consists of one layer of large, thin-walled cells, which 
contain numerous chloroplasts and also some large oil-globules. There are 
small intercellular air-spaces in this tissue. 



Betts. — Autecology of Plantg of Peri^oHte Nelson, 28ft 



Fio. 15. — Cdmisia longijolia var. gracUenia. Transv^erse section of lamina 
of leaf, a, upper epidermis ; b, palisade parenchyma ; c, oil-drops ; 
d, spongy tissue ; e, stoma ; /, nr dticellular hair. 

Fio. 16. — Cdmisia longifolia var. ^acilerUa. Transverse section of sheathing 
leaf-base ( x 36). a, tomentum ; b, vascular bundle. 

10 — Trans. 
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The spongy tissue is composed of about 6 rows of cells. In the upper 
part of the leaf these cells are about the same length as breadth, but 
just above the lower epidermis they are narrower and are elongated in a 
direction parallel with the surface o^the leaf. These cells also have thir 
walls and contain oil, which is more abundant nearer the upper than rear 
the lower surface of the leaf. 

The lower epidermis consists of cells which are oval in traasverse 
section. Many of them are produced into long, stout, seveijal-celied hairs 
which have thin walls. The lowest cell has a thin cuticle. These hairs 



derma ; c, mesophyU ; d, stereome ; c, xylem ; /, phloem ; 
g, multicellular hair. 

are much longer and thicker than those of the upper surface (and those 
beneath the midrib), and they do not form such a dense mass, so that 
their form can be seen more easily. 

Stomata are confined to the lower surface of the leaf, where they are 
numerous. As is often the case with leaves which have a dense tomentum, 
the stomata are raised above the epidermal cells. The guard-cells have 
very thick walls, and there are guard-cell ridges. 

Sheathing Leaf -hose (figs. 16 and 17). — Fig. 16 gives a schematic view of 
this ; fig. 17 shows the structure in detail. ^ 
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Both the upper and the lower epidermifl consist of very regular cells, 
the walls of which are only slightly thickened. On both surfaces there is a 
thin cuticle, and on the lower (the outer) surface there are a number of 
hairs like those on the lower surface of the leaf. 

Beneath the upper epidermis there is a hypoderma which is oomposeid 
of a? single layer of small sclerized cells in which the walls are very thick; 
and the lumen very small. 



Fig. 18 . — Celmisia Umgifolia var. gradlenta. Transverse section of peduncle • 

( X 230). a, multicellular hairs ; by ridged cuticle ; c, unlignified 
cortex ; d, lignified cortex ; e, xylem ; /, phloem. 

The vascular bundles are of the same type as that described for the 
leaves, but the stereome above the xylem and below the phloem is formed 
of much smaller cells than in the leaf. All the mesophyll consists of 
aqueous tissue, which is composed of thin-walled, colourless cells. Near 
the lower surface there are 2 rows of these cells, which are regularly 
10 * 
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arranged, the inner layer consisting of much larger cells than the outer. 
These cells are roundish or squarish in section, but the rest of the cells of 
the aqueous tissue are very irregular in outline. They lie ol6se together, 
so that the intercellular air-spaces are minute. 

Peduncle (fig. 18). — The epidermis consists of somewhat irregular cells 
which have very thick walls, especially the external ones. From soaie of 
the epidermal cells there are produced long multicellular hairs like those 
on the under-surface of the leaf. A thin cuticle is present ; its surface 
presents numerous very fine ridges. 

Below the epidermis there is a zone of dead cortex, consisting of very 
irregular, thick-walled cells with brown contents. Thg rest of the ground- 
tissue of the stem consists of lignified tissue. • This can be divided into 
two regions — 

(1.) An outer region where the vascular bundles are found. The cells 
in this region are rather small and have thick walls. 

(2.) An inner pith in which the cells have thin but lignified walls. 
These cells are large and roundish. Small intercellular air- 
spaces are found in this tissue. The stem is hollow. 

The vasculai bundles are small and quite separate from one another. 
There is parenchyma in both the phloem and the xylem. The scleren- 
chymatous cells around the bundles are small. 

31. Olearia virgata Hook. f. 

Habit, - — This plant is an erect, much-branched shrub, 2-5 ft, high. 
The branches are spreading, tetragonous when young, almost terete in the 
older parts. The young branches are pubescent. The bark is dark red- 
brown. The leaves are opposite, obtuse, narrowed into a very short petiole, 
glabrous above and clothed with white tomentum beneath. 

Anatcmy, 

Leaf (fig. 19). — The upper epidermis consists of medium-sized oblong 
cells ; these have thin lateral and internal walls, but the external walls are 
thickened, and in addition there is a cuticle, which is, however, only a thin 
one. There are no stomata on the upper surface. 

The lower epidermis is like the upper, but the external walls are not 
thickened, and many of the epidermal cells are produced into large 
T-shaped hairs, which are closely appressed to the surface. 

The stomata are confined to the lower epidermis, and they are raised 
above the epidermal cells. The guard-cells are small and have thickened 
walls. 

The chlorenchyma is differentiated. The palisade tissue consists of 2 
rows of closely packed cells, the depth of which i^ only about one and a 
half times the breadth. The cells are thin-walled and contain numerous 
large chloroplasts. 

The spongy tissue consists of 4 or 5 layers of irregular thin-walled cells 
with large air-spaces between them. These cells contain numerous chloro- 
plasts, which are slightly smaller than those in the palisade tissue. The 
cells of the layer just above the lower epidermis are smaller and are more 
closely arranged. 

The vascular bundle is small, and like that in Celmisia longifolia var. 
gracUenta except that there is no stereome. The vascular bundle is sur- 
rounded by a sheath of small, thin-walled, parenchymatous cells which 
contain a few chloroplasts arranged along their outside walls. 



Pio. 19. — Olearia virgaia. a, upper epidermis ; b, palisade parenchyma ; c, spongy 
parenchyma ; d, xylem ; e, phloem ; /, T-shaped hairs. 

1^0. 20. — Olearia virgata. Transverse section of stem (X 36). 

Flo. 21. — Olearia virgata, Transver^ section of stem (x 176). a, sclerenchyma ; 

6, corky cells ; c, chlorenchyma ; d, pericycle fibres ; c, phloem ; /, xylem ; 
Qf lignified pith. • 
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Stem (figs. 20 and 21). — The general arrangement of the tissues is shown 
diagrammatically in fig. 20. From this it will be seen that the stem is 
tetragonous and that in each of the corners there is a small mass of scleren- 
chyma. The structure of the stem is shown in detail in fig. 21. 

On the outside there are dead epidermal cells with a thin cuticle, and 
below this there are a few dead cortical ceUs. Beneath this layer there are 
2-4 layers of large, squarish cells which have their cell-walls both suberized 
and lignified. The portion of the cell-wall adjacent to the cell-cavity is 
suberized, and nearer the middle lamella it is lignified. 

Inside this corky layer there is a zone of cortex. The cells of this tissue 
are more or less oval in transverse section, and are closely packed together 
so that the intercellular air-spaces are very small. These cells contain a 
small number of chloroplasts. At intervals there are groups of pericycle 
fibres. These are of small diameter and have thick walls. In the four 
comers of the stem there is a mass of sclerenchyma, which is composed of 
slightly larger cells than the pericycle fibres. 

The phloem forms a continuous band with its elements rather regularly 
arranged. The xylem is composed for the greater part of wood-fibres 
which have thickened walls. 

The medullary rays arc not numerous ; they are multiseriate (3 cells 
wide), and their cells have thickened, lignified walls. 

The pith is composed of large round or polygonal cells, which have 
lignified, somewhat thickened, cell-walls. 

32. Helichrysum bellidioides Hook. f. 

Habit — This plant is an herb, The stems are prostrate, slender, much 
branched, almost woody at the base, 6-12 in. long ; the branches are 
numerous, erect, and leafy. The leaves are loosely imbricating, spreading, 

in. long, obovate-spathulate, apiculate, flat, one-ncrved, with the upper 
surface glabrous and the lower clothed with cottony tomentum. 

Anat&i/lfty. 

Leaf , — The upper epidermis consists of regular, large cells, which have 
their inner and lateral walls thin and the external ones slightly thickened. 
There is a thin cuticle. A few of the cells are produced into hairs. 

The lower epidermis consists of cells that are smaller than those of the 
upper epidermis. Their walls are thin, and there is a very thin cuticle. 
Many of these cells are produced into fine 2- or 3-celled hairs, which form 
a dense tomentum on the under-surface. 

The cihlorenchyma is differentiated into palisade and spongy tissue. 
The paligade tissue consists of 2 rows of cells with thin walls and numerous 
large chloroplasts ; there are air-spaces between the cells. 

The spongy tissue is composed of large, iiregular, thin-walled cells, 
which contain abundant large chloroplasts. These cells form a rather 
loose tissue with large intercellular air-spaces. 

Stomata are confined to the lower epidermis, and the guard-cells 
are raised (as in Celmisia longifolia var. gradlentaj Olearia virgata, and 
0. arborescens). The guard-cells are small. 

The vascular bundle is small, and is surrounded by a sheath of thiu- 
walled cells which contain a very few chloroplasts. Just above the xylem 
there is a small group of 8 or 10 sclerized cells. The amount of lignified 
tissue in the xylem is small ; both xylem atfcd phloem contain parenchyma. 
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Between the bundle-sheath and the lower epidermis there are some 
thin-walled colourless cells which store water. 

Stem, — The epidermis consists of squarish cells with their walls slightly 
thickened and with a thin cuticle. These cells contain tannin. Some of 
the epidermal cells are produced into hairs like those on the leaf. 

The cortex consists of small regular cells ; in the outer part of the 
cortex these cells have their walls lignified and also suberized. The inner 
layers of cortical tissue consist of thiurwalled cells. All the cortical cells 
are closely packed together, so that there are only very small intercellular 
air-spaces. There is a well-marked endodermis, which consists of large 
cells with suberized walls. ' ! 

The phloem forms a wide, continuous band ; it contains a large amount 
of parenchyma. 

The xylem forms a band about the same width as' the phloem ; it con- 
sists of vessels of rather small diameter and of wood-fibres. 

The pith is solid, and consists of large, thin-walled polygonal cells which 
are closely arranged together. The pith-cells adjacent to the xylem are 
somewhat smaller and have their walls lignified. 

33. Cassinia Vauvilliersii Hook. f. var. rubra Buch. 

Habii. — This plant is an erect, closely branching shrub, 2-4 ft. high ; 
the branches are stout, erect, and often glutinous. The leaves are nume- 
rous, close-set, erect or spreading, J-Jin. long, linear-obovate, narrowed 
into a short broad petiole, very coriaceous, clothedT with hairs on both 
surfaces ; the margins are slightly recurved. 

Anatomy, 

Leaf, — The upper epidermis consists of rather small cells which have 
slightly thickened walls. These cells contain a few small chloroplasts. 
There is a thick cuticle. Some of the epidermal cells are produced into 
long 3- or 4-celled hairs — 2 or 3 small hairs at the base and a long cell at 
the end. There are no stomata on the upper surface. 

The lower epidermal cells are smaller than the upper, and, like the 
latter, contain chloroplasts. Many of the cells are produced into hairs 
like those oi; the upper surface. The lower epidermal cells have slightly 
thickened walls, and there is also a thick cuticle. 

The chlorenchyma is differentiated. The palisade tissue consists of 4 
rows of large cells with slightly thickened walls and large chloroplasts. 
There arc very small air-spaces between the cells. 

The spongy parenchyma is composed of rather small, irregular cells 
which contain large chloroplasts. The walls are slightly thickened, and 
tliere are fairly large air-spaces between the cells. 

Stomata are confined to the lower surface ; they are of the same type 
as in Celmisia longifolia var. gracUenta. 

The vascular bundles are small, and contain only a small amount of 
lignified tissue. They are surrounded by a sheath of thin- walled paren- 
chymatous cells which contain' only a small number of chloroplasts. 

Stem, — The epidermis is composed of small cells which have thickened 
walls and also a fairly thick cuticle. Many of the cells are produced into 
hairs like those on the leaf. 

Then there come some dead cortical cells ; these have thick brown 
walls. Inside this layer there is suberized tissue, from 1 to 4 cells deepf 
The cells are large, thin-walled, and irregular. 
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Below this tissue there are large groups of pericyole fibres ; these have" 
a small diameter, and their walls are thickened. 

The phloem forms a wide band, with the sieve-tubes of small diameter ; 
there is a fairly large amount of phloem parenchyma. The cambium is 
very easily seen. 

The xylem contains vessels of fairly large diameter and wood-fibres 
which have very thick walls. There are no medullary rays. 

The pith is solid ; it consists of large roundish cells with thin Walls. 

34. Senecio bellidioides Hook. f. 

Habit . — This is a small rosette plant. The leaves are ajl radical and 
spreading ; the blades j-2^ in. long, broadly oblong, obtj^):^ie, rounded or 
slightly cordate at the base, membranous, with entire margins ; the upper 
surface is more or less (covered with stiff glandular hairs, and the lower 
is sparingly covered with tomentum. The petioles are about fin. long, 
and are covered with hairs, The scapes are 1-12 in. high, branched, and 
pubescent. 

Anatomy. 

Leaf (figs. 22-26). — Fig. 22 gives a diagrammatic view of the transverse 
section of the leaf. From this it will be seen that the number of vascular 
bundles is small ; the relative frequency of the different types is also seen 
in this diagram. Fig. 24 shows the structure of the midrib, and fig. 23 of 
the blade of the leaf. 

The upper epidermis consists of rather small cells, the outer walls of 
which are slightly thickened. There is a thin cuticle present. Stomata 
are found on both surfaces ; the guard-cells are level wifti the surface, 
and have thickened walls and small guard-cell ridges. Some of the upper 
epidermal cells are produced into hairs of two kinds — 

(1.) Capitate glandular hairs : These are very long, and are multi- 
cellular, and have a rounded head. 

(2.) There are also other multicellular hairs formed of about 9 cells. 
At the base there are about 7 small rectangular cells which are 
closely packed together and have their outer walls slightly 
cuticularized. Above these cells^ there is a large, wide, and 
shallow cell which has a thick but uncutinized wall. Beyond 
^ this cell there is an elongated one, also with a thickened, 
uncutinized wall. 

The lower epidermis also consists of cells which are more or less oval 
in transverse section. They have thin walls, except for the external ones, 
which are slightly thickened. There is a thin cuticle. Stontata are 
present on this surface also. The epidermal cells contain a few chloro- 
plasts. Some of the epidermal cells give rise to hairs of two kinds — 

(1.) There are a few glandular hairs as on the upper surface. 

(2.) Most of the hairs are like those on the upper surface, except that 
there are usually only 4 of the small cells and there are 2 long 
cells instead of 1. 

The chlorenchyma is only slightly differentiated. The palisade tissue 
consists of 2 rows of cells, which have thin walls and contain numerous 
chloroplasts. These cells are wide and do not have the typical palisade 
form ; they are fairly loosely arranged, so that there are large air-spaces 
between the cells. 
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Fig. 22 . — Senecio beUidioides. Transverse section of leaf ( x 24). a, glandular 
hair ; b, multicellular hair ; e, vascular bundle. 

Fig. 23 . — Senecio beUidioidee, Transverse section of leaf (x 110). a, glandular 
hair i b, multicellular hair ; c, stoma ; d, mesophyll. 
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The spongy tissue consists of about 5 rows of large, irregular cells which 
have thin walls. There are fairly large air-spaces between the cells. The 
cells of the layer just above the lower epidermis are much smaller. 

The Midrib . — There are three vascular bundles in the midrib. The 
lignified elements of the xylem are arranged regularly in rows which are 



Fig. 24 . — Senecio beUidioidea. Transverse section through midrib of leaf, a, multi- 
cellular hair ; b, aqueous tissue ; c, xylem ; d, phloem ; e, canal lined by 
epithelial layer ; /, chlorenchyma ; g, glandular hair. 


separated by xylem parenchyma. There is a good deal of parenchyma 
with the phloem. Beneath the phloem of each bundle there are 1 or 2 
large canals, which are lined by epithelial cells. 
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Under the upper epidermis there are a few cells which have thickened 
walls, and above the lower epidermis there are 2 rows of roundish cells 
which contain chloroplasts and which have their walls slightly thickened. 



Fig. 26 . — Senecio beUidioides. Upper epidermis of leaf ( X 36). 

Fig. 26 . — Senecio beUidioides. Lower epidermis of leaf ( X 36). 

Fig. 27 . — Senecio beUidioides. Transverse section of scape ( X 36). 

The rest of the midrib is occupied by a mass of large, closely packed, 
thin-walled, more or less polygcmal cells. These cells form a water-storage 
tissue. 
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Figs. 25 and 26 show the surface view of the upper and lower faces of 
the leaf. From these it will be seen (1) that the glandular hairs are much 
more frequent on the upper surface, and (2) that most of the multicellular 
hairs of the lower epidermis are situated over the vascular bundles. This 



Fiq. 28 . — Smecio bdlidioides. Transverse section of scape (x 176). a, multioellular 
hair ; b, glandular hair ; c, chlorenchyma ; d, lignified tissue ; c, vascular 
bundle ; /, pith. 

Scape (figs. 27 and 28). — The structure of the scape is shown schematic- 
ally in fig. 27 and in detail in fig. 28. 

The epidermis consists of fairly large cells which have thickened walls. 
A thin, ridged cuticle is present. Stomata are present, but they are not 
numerous. They are of the same type as those in the leaf. There are 
two kinds of hairs — (1) glandular ; (2) hairs like those described for the 
upper epidermis, but the large cell at the base of the elongated cell is not 
present. 
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The chlorenchjona consists of about 6 rows of large, roundish cells which 
have thin walls and numerous chloroplasts. There are moderately large 
air-spaces in this tissue. ; 

Then there comes a band of smaller, roundish cells which have thickened, 
lignified walls. Below this tihere is the phloem, which is a narrow band 
oj tissue. The xylem contains parench 3 !inatous cells. 

35. Gahnia procera Forst. 

Habit . — This is** a perennial tufted herb.' The stems are about 2ft. 
high, and are stout. The leaves are as long as or slightly longer than the 
stems, and are narrowed into long filiform points ; the margins are involute, 
smooth above and scabrid below ; the sheaths are dark brown or almost 
black. 

Anatomy. 

Leaf (figs. 29-32). — The transverse section of this is shown diagram- 
matically in fig. 29. This shows that the leaf is involute and furrowed, and 
that under each ridge there is & vascular bundle, accompanied by an 
extensive development of sclerench 3 nna. The margin of the leaf is occu- 
pied by a mass of sclerenchyma. Figs. 30-32 show the structure of the 
leaf in more detail. 



Fig. 29 . — Oahnia procera. Transverse section of leaf (x 36). a, chlorenchyma ; 
b, sclerenchyma ; Cj^'ascular bundles. 

Fig. 33 . — Oahnia 'procera. Transverse section of stem (X 24). a, sclerenchyma; 
6, vascular bundles. 

The upper epidermis consists of small cells, which taper slightly towards 
the outside of the leaf. The walls of these cells are thickened, especially 
the external walls, which produce small papillae. There is no cuticle. , 

The lower epidermis consists of very regular oval cells, which have their 
cell- walls, especially the external ones, thickened. There is a thin cuticle 
on the lower surface. 
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Fig. 30 . — Qahnia procera. Transverse section of leaf ( x 230). a, uppdr 
epidermis ; b, hypoderma ; c, mesophyll ; d, pnlvinus ; 
c, xylem ; /, phloem ; g, sclerenchyma. 

Fig. 31 . — Oahnia procera. Lower epidermis of leaf, at margin (x 230). 
' a, stiff, unicellular hair. 

Fig. 32 . — OcJmia procera. Transverse section of margin of leaf (X 230). 

a, hair; sclerenchyma. 
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Stomata are confined to the upper surface, where they are found only 
in the furrows. They are sunken below the level of the epidermal cells, 
and the guard-cells are small and have very thick cell-walls. The epi- 
dermal cells in the furrow are somewhat pear-shaped, and their walls are 
irregularly thickened, the result being a number of short papillae which 
serve to protect the stomata. 

At the base of each furrow there are 3-5 large cells, which form a 
pulvinus. The cells of the pulvinus have a very thin cuticle, but the other 
epidermal cells are not cuticularized. 

The chlorenchyma is not differentiated injbo palisade and spongy tissue. 
The cells of this tissue are small, more or less polygonal, and very closely 
packed together. They contain a small number of fairly large chloroplasts. 
Some of the cells of this tissue contain tannin. 

, ^ Below the upper epidermis, in the ridges, there is a hypoderma of very 
small lignified cells, in which the walls are very thick, so that the lumen 
is very small. In the middle of the ridge these sclerenchymatous cells 
are continued downwards, forming a band several cells wide, and then 
forming a sheath above the upper part of the vascular bundle. 

The vascular bundle is surrounded by a sheath of oval lignified cells 
the inner cell-walls of which are thicker than the outer. The vascular 
bundle is of the usual monocotyledonous type, and has all the xylem 
parenchyma lignified. 

Below the vascular bundle there is another zone of sclerenchyma, this 
being continued as a layer from 1 to 5 cells thick above the lower epidermis 
and below the chlorenchyma. These cells are small and have very small 
cell-cavities. 

On the upper portion of the leaf there are small, stiff hairs on the lower 
surface and on the margins of the leaf. These are shown in figs. 31 and 32. 
They are very stiff, unicellular hairs with very tliick stratified cell-walls, 
and are farmed from/ the epidermal cells. 

Peduncle , — This is shown diagrammatically in figure 33 (p. 301). The 
stem is hollow, and all the tissues except the epidermis and the phloem are 
lignified. This diagram shows the irregular arrangement of the vascular 
bundles, each of which is surrounded by sclerenchyma. 

Fig. 34 gives a more detailed view of part of the stem. 

The epidermis consists of small pear-shaped cells with thickened cell- 
walls. A fairly thick cuticle is present. 

Beneath the epidermis there is a more or^less regular circle of vascular 
bundles, each of which is surrounded by a large mass of sclerenchyma, 
consisting of small cells with very thick cell-walls. 

As we pass inwards the bundles become larger, and the amount of 
sclerenchyma around them is not so great. The cells of the sclerenchyma 
are somewhat larger and have larger cell-cavities. 

The ground-tissue consists of fairly large, more or less regular cells, the 
walls of which are only slightly thickened and are lignified. These cells are 
closely arranged, so that there are only very small intercellular air-spaces. 
The cortical cells near the middle of the stem ate somewhat larger, and 
the cell-walls are thinner. 

Bounding the ground-tissue there is a zone of cells which are very 
irregular both in shape and in size. These cells are empty and their walls 
are suberized. 
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Pig. 34. — 0(^nia proc'era. Transverse section of stem (x 160). 
o, cuticle ; b, sclerenchyma ; c, xylem ; d, phloem. 
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36. Astelia montana (T. Kirk) Cockayne.* 

Hahit , — This is a stout, densely tufted, perennial herb. The leaves^ 
are numerous, spreading, 1-2 ft. long and in. broad, linear-lanceolate 
and acuminate. The leaves are very tough and leathery, and are many- 
veined ; one nerve on each side is more prominent than the rest, and tike 
margins and midrib are often coloured a yellow-red. Both the upper and 
the lower faces of the leaf are clothed with white tomentum. The base of 
the leaf is sheathing, and is densely covered with long silky hairs. 

" Anatomy. 

Leaf. — Fig. 35 gives diagrammatically a view of a transverse section of 
half the leaf. From this it will be seen .that there are two veins much 
more prominent than the others, and also more prominent than the midrib. 
Fig. 36 shows a transverse section through the midrib, and fig. 37 through 
one of the prominent veins. 



Fig. 36 . — Astdia montana. Transverse section of leaf (X 9). a, tomentum; 
' 6, aqueous tissue ; c, stereome ; d, vascular bundle ; e, chlorenchyma. 


Section through Midrib . — Both the upper and the lower epidermis con- 
sist of large cells* somewhat elongated in a direction at right angles to the 
surface of the leaf. Above and below the veins the epidermal cells are 
more or less squarish. The epidermal cells have their walls, especially the 
external ones, thickened, and there is a cuticle present on both surfaces. 

At intervals on both surfaces the epidermis is interrupted by ^oups 
of peculiarly modified cells forming a kind of scale. 'The scale consists of 
a short stalk of thin-walled cells, Bnd above this the cells are larger and 
have thickened, cutinized walls. The cuticle of the uppermost tier of cells 
is frayed out into a kind of tomentum which more or less covers the surface 
of the leaf. The whole apparatus appears to be a modification for water- 
absorption. 

Below the upper epidermis there is a zone' of aqueous tissue, consisting 
of about 4 rows of very large, regularly arranged, clo^y packed, rectangular 
cells, which do not contain chloroplasts, and which have thickened, 
mucilaginous cell-walls. 
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The chlorenchyma is not differentiated into spongy and palisade tissue. 
It consists of closely packed polygonal or roundish cells which contain 
numerous chloroplasts. There ar^ no intercellular air-spaces. 

Stomata are found on the lower surface only. The guard-cells are 
sunken below the surface of the epidermis, and the stomata are further 
protected by small guard-cell ridges over the opening. Subsidiary cells 
are present. 



Fig. 36 . — Aatelia montana. Transverse section through midrib (x 176). a, tomentum; 

6, upper epidermis ; c, aqueous tissue ; d, mesophyll ; e, stoma ; /, hair ; 
gr, stereome. 


The vascular bundle is surrounded by a large mass of sclerenchyma : 
these cells are irregular and very closely packed, and have fairly thick cell- 
walls. The xylem and the phloem have the cell-walls of all the paren- 
chymatous cells lignified. The layer of mesophyll cells adjacent to the 
sclerenchyma is devoid of chloroplasts. 
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Section through the Lamina in the Region of a Prominent Vein (fig.^ 37). — 
Jn these veins there is a large, more or less T-shaped mass of sclerenchyma 
surrounding the vascular bundle. As in the midrib, these cells are smaller 
on the under side than on the upper side, but here those on the upper 
surface are much larget than those above the midrib. 



Pig. 37 , — Astdia montana. Section through one of large veins (x 176). a, tomentum; 

b, upper epidermis ; c, aqueous tissue ; d, mesophyll ; e, stoma ; f, hair ; 
g, stereome. 

Between, the sclerenchyma and the upper epidermis there is a hypoderma 
of aqueous tissue consisting of more or less oval cells. . Between the 
sclerenchyma and the lower epidermis this layer is only one cell thick. 




308 


TranBactionB. 


As we pass aWay from thp midrib the aqueous tissue consists of rounded 
or polygonal cells which are not arrainged in the definite rows found near 
the midrib. , 

37. Dianella intermedia Endh 

Habit . — This plant is a perennial herb, bearing numerous leaves, which 
are crowded at the base of the stem. The leaves are linear, 1-1^ ft. long, 
I in. wide, and are arranged in two vertical rows (distichous) ; the bases 
of the leaves are sheathing. The margins and the midrib are coloured 
orange-red. 



Fig. 38. — DianeUa intermedia. Transverse section of leaf ( x 24). a, cuticle; 6, stereome; 
c, vascular bundle ; d, aqueous tissue. 

Fig. 39. — Dianella intermedia. Transverse section through midrib of leaf (X 176). 

a, cuticle of upper surface ; 6, aqueous tissue ; c, chlorenchyma ; d, cuticle 
of lower surface ; e, stoma ; /, stereome ; gr, xylem ; /t, phloem. 

Anatomy. 

Leaf (figs. 38-43). — Fig. 38 shows the geueral arrangement of the 
tissues in a transverse section of the leaf. The vascular bundles are sur- 
rounded by a large band of sclerenchyma, which traverses the whole width 
of the leaf. Under the upper epidermis are some lignifi'ed cells, and in the 
centre of each mass of chlorenchyma there is some aqueous tissue. Fig. 39 
shows in more detail the structure at the midrib. 
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The upper epidermis consists of rather irregular cells with thickened 
cell-walls,^ A thick cuticle is also present. 

Below the epidermis there are 2 rows of large Cells with thickened, some- 
what mucilaginous cell- walls. These do not contain chloroplasts, and thej^ 
form an aqueous^tissue. ' 

The chlorenchyma is not differentiated into palisade and spongy paren- 
chyma. It consists of rounded or polygonal cells which contain numerous 
chloroplasts. 



Fig. 40 , — Dianella intermedia. Transverse sectton through lai^a of leaf 
(x 175 ). a, cuticle; 6, hypotferma';' c, stereon^V ‘4 
sheath ; e, chlorenchyma ; f, aquk)us tiraue ; g, xylem ; A, phloem. 

The lower epidermis is formed of roundish or oval cells. There is a thick 
cuticle on this surface also. ' 

The stomata are confined to the lower surface, and are found in the 
slight grooves. The guard-cells are small, and are deeply sunken below 
the surface, and the opening is protected by projections of the cuticle. 
All the epidermal cells in the grooves have curious peg-like cuticular pro- 
jections, so that a surface view presents a peculiar appearance. These 
are shown in surface view in iig. 42, and in transverse section in fig. 43. 

Fig. 40 gives a transverse section through the lamina, not passing 
through the midrib. The cuticle is much thicker than above the midrib. 
The upper epidermis consists of regular oblong cells, which are, a little 
larger above the sclerenchyma. 


SiO Tramactiom. 

Below this there is a hypoderma, from 1 to 4 cells deep, which consists 
of regular cells with lignified walls. Above the sclerenchyma bands this 
layer is only 1 cell thidk, but above the chlorenchyma 2-3. 
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Fig. 41. — Diandla irUermedia. Transverse section of . margin of Jeaf (X 260). a, cuticle ; 
b, solerenohj^a. 

Fig. 42. — Diandla intermedia. Surface view of epidermis of lower surface (x 260). 
a, opening above stomata. 

Fig. 43. — Diandla intermedia, a, guard.cells : 6* cuticle. 

The sclerenchyma consists of irre^lar cells with small cavities. Near 
the upper surface of the leaf these cells are much larger than they are near , 
the lower surface. 

The band of lignified cells beneath the upper epidermis is continued 
down beside each band of sclererchyma. Here it is* 2 cells wide, and con- 
sists of oval cells. 
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The chlorenchyma forms a compact mass, and in the centre of it there 
is some aqueous tissue which consists of very large roundish cells with very 
thin cell-walls. - ' 

Fig. 41 shows a transverse section of the margin of the leaf. The cuticle 
is very thick. The cells of the upper epidermis are slightly elongated at 
right angles to the surface of the leaf, and have thickened walls, and the 
cells of the lower epidermis are smaller and are squarish. Beneath the 
'epidermis there is a hy'poderma composed of I or 2 layers of cells "with 
thickened, lignified cell-walls. The rest of the margin is occupied by a 
large mass of sclerenchyma, the cells of which have their lumen almost 
obliterated. ♦ 

38. Libertia ixioides Spreng. < 

Habit . — perennial herb with a short creeping rhizome and long fibrous 
roots. The leaves are numerous, densely crowded, linear, flat, rigid, and 
arranged in two vertical series (distichous). The margins are cartilaginous 
and smooth. 


Leaf (figs. 44-47). — Fig. 44 shows diagrammatically a view of half the 
transverse section of the leaf. , From this it will be seen that the vascular 
bundles are arranged in two series, one along each face of the leaf ; that 
the bundles are opposite, and that each is surrounded by a mass of 
sclerenchyma. 

Figs. 45 and 46 show in more detail the structure in transverse section. 

The epidermis is composed of small, squarish cells, all the walls of which 
are thickened, and there is* also a thick cuticle. 

Stomata are found on both surfaces, and they are* fairly frequent. 
The guard-cells are sunken right below the epidermis, and* they have 
thickened cell- walls. The stoma is therefore at the bottom of a pit. 

The chlorenchyma consists of large, roundish cells with somewhat 
thickened cell- walls and containing numerous chloroplasts. This tissue 
is fairly compact, so that there are only small intercellular air-spaces. 

‘ Beneath each stoma, however, there is a fair-sized air-space. 

The vascular bundles are of the usual monocotyledonous type, and all 
the xylem elements are lignified. Surrounding each vascular bundle there 
is a mass of sclerenchyma ; this is composed of small roundish ceils with 
thick cell- walls. 

The central part of the leaf is occupied by a colourless tissue formed of 
large cells with slightly thickened cell- walls, and with small » air-spaces 
between the cells. This tissue forms an aqueous tissue. In some parts 
the cells lying between the two opposite masses of sclerenchyma have 
lignified cell- walls. 

Fig. 46 shows a transverse section through the margin of the leaf, which 
is thickened. The cuticle here is thicker, and the epidermal cells are some- 
what larger, and tjieir external cell-walls are thicker than near the centre 
of the leaf. Under the epidermis there is a single layer of cells which con- 
tain a few chloroplasts. The rest of the space is occupied by a large mass 
of sclerenchyma, composed of cells with a very small lumen. In the centre 
of this mass there is a small vascular bundle. 

Peduncle (fig. 48). — The epidermis is composed of small cells with all 
their walls, and especially the lateral walls, very much thickened. A cuticle 
is present, but it is not so thick as in the leaf. 

Stomata are not frequent ; the guard-cells have thickened cell-walls 
and are but slightly sunken, so that they are not at the bottom of d pit as 
in the leaf. * 
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Fig. 44 . — LiJbertia ixioides. Transverse section of leaf ( X 64). a, sclerenchyma ; 

6, cWorenchyma ; c, vascular bundle ; d, aqueous tissue. 

Fig. 46. — Libertia ixioides, Tiiuisverse section of margin of leaf (x 230). a, cuticle; 
6, sclerenchyma ; c, vascular bundle. 

Fig. 47 . — lAbertia ixioides. Surface view of epidermis (X 230). a, opening above 
stoma. 
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Beneath the epidermis there is some chlorenchyma — a band 2-4 cells 
deep, composed of spherical cells very closely arranged together, so that 
there are only minute air-spaces. 

There are 4 more or less regular concentric rings of vascular bundles, 
the outer ones of which* are composed of small bundles. The vascular 
bundles are of the usual monocotyledonous type, and each is surrounded 
by a small amount oAclerenchyma. 
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Fig. 48. — Lihcrtid^ixioides, Transverse section of peduncle (X 230). 

a, cuticle; 6, stoma; c, chlorenchyma ; </, sclerenchyma ; 
e, phloem ; /, xylem ; g, pitted walls. 
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Aet. XXXII. — Pteridophytes of Banks Peninsula (Eastern Portion), 

By W. Martin, B.Sc. 

[Bead before the Philosophical Institute of Canterbury, 3rd December, 191^ ; received by 
Editor, 31st December, 1919 ; issued separately, 30th June, 1920.'] 

Owing to its isolated geographical position, Banks Peninsula affords special 
opportunity* for ecological investigation, yet few botanists have given it 
the attention it invites. Our present knowledge of the florula and of the 
distribution of the species has been admirably summed up in a recent paper 
by Laing (1919). 

In his list of indigenous plants Laing refers to a large number of 
species of the former existence of which there can be bttle doubt, but whose 
presence is not now known with certainty. Such plants are recorded as 
“ species inquirendae.'^ Reference is also made to a number of species 
recorded by previous investigators, regarding the identification of which 
some doubt is expressed. Laing describes these as “ species excludendae^ 
It therefore seems desirable that an intensive study of the plants ^of this 
district should be ^conducted before further denudation of the primitive 
vegetation takes place. 

Laing in his paper expresses the hope that “ before the remnants 
of the primitive flora disappear every opportunity will be taken by local 
students to complete the work here outlined.” The scope of the present 
paper is limited to an investigation of the past and present distribution of 
the pteridopyhtes of the Akaroa caldera and its immediate neighbourhood. 
The district examined consists of that portion of Banks Peninsula lying 
to the east of a line joining Peraki and Pigeon Bay. Practically every 
remnant of the ancient forest within the caldera itself has been visited 
since December, 1916, as well as the majority of similar areas that flank 
the outer walls. Most of the accessible cliffs within the harbour have 
also been examined, but the whole of the slopes facing the open sea require 
further and closer examination than I have been able to give to them. 

The earliest existing records of distribution are contained in the writings 
of Raoul (1846), Armstrong (1880 and 1882), and Potts (1882) ; but for 
much additional information I am specially indebted to Mr. D. G. Riches, 
of Akaroa, who since about 1880, while engaged on survey work that took 
him to every comer of the area under discussion, has been a close student 
of the ferns of Banks Peninsula and has made copious collections exclusively 
from this area. Many of the localities cited by Riches have been corro- 
borated by Mr. Louis J. Vangioni, of Akaroa, and Mr. George Penlington, 
of Christchurch, to both of whom I am indebted for valuable information.. 
In several instances I have been able, from information thus obtained, 
to locate ferns included by Laing in his list of doubtful inhabitants. 
Species recorded in this paper are represented by specimens from the 
localities named, and now in the possession of Mr. Riches or myself. 

Probable Causes of Diminution or Extinction of Spboies. 

Before the days of colonization the hills about Akaroa were clad with 
forest right to the water’s edge, and it seems safe to assume that the 
atmosphere was more humid than it now is ; but even if the annual 
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rainfall had changed but little, there is to-day an almost entire lack of 
those taller and denser timber areas which were the tome, of the majority 
of the more delicate species of Hymenophyllum and Trichomanes, and I 
venture to suggest that the humidity within those areas that remain is 
also lower than it formerly was. For instance, in December, 1916, the 
stream that usually flowed through Le Bon’s Bush, though never of large 
dimensions, had actually dried up, and the forest-floor could scarcely have 
been described as damp ; yet there are evidences that this piece of forest 
was particularly rich both in wealth of fern-growth and in number of 
species. 

To the wholesale destruction of the bush that accompanied the cutting- 
out of the timber and the conversion of these areas into pasture the 
disappearance or partial disappearance of many ferns is undoubtedly due, 
as, e.^., Gleichenia Cunninghamii and Pteris tremula^ both of which appear 
to have been abundant. Then, again, where cattle havc^had access to 
the bush the undergrowth, with its wealth of terrestrial ferns, has dis- 
appeared save for a few hardy species that seem able to accommodate 
themselves very rapidly to new and harsher conditions, as, e,g,, Asflenium 
bulhiferum, Pellaea rotundifolia, Polystichum Richardi, P. vestitum, Blechnum 
lanceolatum, B. Jluviatile, B. discolor. 

Most of the larger Hymenophylla seem to have disappeared entirely, 
though the smaller, species may still be found. The ifeason for this I am 
unable to state. It has to be remembered, however, that the favourite 
haunts for these ferns were the valleys between Le Bon’s Bay and Damon’s 
Bay, and that the bush has been practically cleared away from these areas. 
Further, it seems more than probable that these ferns cannot endure wind, 
which now blows freely through bush where formerly the air was perpetually 
still. t 

On the coastal rocks the following ferns are much less common than 
they apparently were formerly : viz., Oymnogramme leptophylla, G. rutae- 
foUa, Blechnum Banksii, Asplenium Richardi. In fact, no trace of either 
Gymnogramme was seen by me. Other ferns commonly met with on banks 
and slopes immediately above high-water mark seem to hold their own 
against such aggressive exotics as Dactylis glomerata, Agrostis stolonifera, &c., 
while the pastures have been invaded by Blechnum penna marinum. This 
fern must, in the district ' under consideration, have descended from its 
former subalpine station right down to sea-level, where it is now common 
in places from which in the past it seems to have been absent. The 
two species of Gymnogramme formerly grew on steep banks of partially 
decomposed rock, where introduced grasses have now obtained a footing, 
and this may, wholly or partially, explain their disappearance. 

Summary of the Results op the I>jvestigation. 

It will be seen from the following lists that at least seven (possibly 
eight) of the twenty species inqui/rendae mentioned by Laing are still grow- 
ing in the district investigated, while Riches has shown that fourteen at 
least were former inhabitants. Of the sixteen species excludendae four 
were present — viz., HymenopJlyllum scabrum, Hymenophyllum ferrugineum, 
Trichomanes humile, Trichomanes Colensbi. 

Riches informs me that a considerable patch of a small-leafed umbrella- 
fern (Gleichenia dicarpa%) formerly' grew near the summit of the hills at 
the head of O’Kain’s, while he has specimens of Lindsaya linearis Swartz 
and Lindsaya cuneata Forst. var. Lessonii Hook. f. collected somewhere in 
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this neighbouthood and sent to him by a Mr. Craig abont 188(K Athyrium 
umhrosum and Asplenium Hookerianum var. Colensoi were both collect^ by 
Riches and are now recorded for the first time. 

In the accompanying list of existing species I give unrecorded habitats 
for at least thirty ferns and lycopods. There is ample evidence that some 
species now comparatively rare were once common — e.g., Leptolepia novae- 
zelandiae and Polystichum adiantiforme. The former I have noted in 
nine separate localities, and the latter in four, though no other recent 
investigator has recorded them at all. Adiantum affine was once common 
over the whole area and is still widely distributed, but is plentiful only 
in a few localities, suc^ as at Waterfall Gully on Mount Bossu, Nikau-palm 
Gully, and the cliffs near Mat. Wight’s Bay. Polystichum adiantiforme has 
apparently not been recorded since Raoul first mentioned Akaroa as a 
habitat, though Mr. Louis J. Vangioni has it growing in his fernery on 
a fem-trunk from Grehan Valley, where I find it still fairly common. 
Laing regards Raoul’s record as “ probably an erroneous identification,” 
but this species still exists in all the main Akaroa valleys, and near 
McDonald’s, half-way up the Jubilee Road, at Wainui. 

Referring to Dicksonia fibrosa, which he records from Wainui, Laing 
says, “ As I have no specimens, I am somewhat doubtful of the identifi- 
cation.” This fern is common in the Le Bon’s Reserve, and has been 
obtained near the head of Barry’s Bay by Mr. E. F. Stead. Azolla rubra 
is a new record on my own observation. 

Abbkeviations used in this Paper. 

D. G. R. . . ‘ . . D. G. Riches. 

. R. M. L R. M. Laing. 

* L. J.V. .. .. L. J. Vangioni. 

G. P. . . V . . George Penlington; 

W. M, . . ' . . William Martin. 

Existing Species not recorded since 18^. 

Alsophila Colensoi Hook. f. Head of Stony Bay,* W. M. 

Hypolepis distans Hook. Near Ferris’s, Akaroa, W. M. 

Pteris tremula R. Br. Little Tikao Bay, L. J. V. and W. M. 

Blechnum vulcanicum Kuhn. Grehan Valley, ^D. G. R., G. P., W. M. 
Polystichum adiantiforme (Forst.) J. Sm. Akaroa and Wainui, L. J. V. and 
W. M. 

Dryopteris velutina 0. Ktz. Neighbourhood of Akajoa, W. M. 

Lycopodium scariosum Forst. Head of Long Bay and Stony Bay, W. M. 
Lycopodium Billardieri Spring (?), Le Bon’s Bay and Stony Bay, W. M. 

Former Habitats op Species not recently noted on Banks Peninsula. 

Hymenophyllum dilaiatum Swartz. Hickory and Armstrong’s Bush, D. G. R. 
Hymenophyllum Malingii Mett. Long Bay and Stony Bay, D. G. R. 
Hymenophyllum minimum A. Rich. Long Bay and Stony Bay, D. G. R. 
Hymenophyllum tunhridgense Sm. Long Bay and Flea Bay, D. G. R. 
Hymenophyllum multifidum Swartz. Long Bay and Stony Bay. 
Hymenophyllum bivalve Swartz. Armstrong’s Bush, D. G. R. 
Hymenophyllum scabrum A. Rich. Long Bay and Hickory Bay, D. Q. R. 

♦ The Stony Bay referred to in this paper.^nnless otherwise stated, is the bay over 
the saddle from Balgueri Valley, Akaroa. 
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Hymenophyllum ferruginetm Oolla (= H. suhtilissimum Kunze). Stony Bay, 
D. G. K. 

Trichmnanes Golensoi Hook. f. Seaward side of Akaroa Ridge. 

Trichomams humile Forst. Seaward side of Akaroa Ridge, D. 6. R. 

Adiantum aethiopicum Linn. Akaroa, Raoul. Mr. Riches has a specimen 
of this maidenhair, but does not recollect where he obtained it. 

Blechnum durum C. Chr. There is little doubt that this fern is correctly 
reported from Banks Peninsula by J. B. Armstrong. Riches has it 
from the foot of the beech bush. Stony Bay, where he says it was 
common. This was its northernmost limit. Apparently it grew close 
to, but not on, the actual coast-line. 

Adiantum fulvum Raoul. Grehan Valley, D. G. R. 

Athyrium umhrosum Presl. A small clump formerly grew at Three Point 
Rock, Wainui, D. G. R. This is therefore the southernmost record for 
this species. ^ 

Dryopteris decomposita 0. Kze. Ghildren’s Bay, Akaroa, D. G. R. 

Pdypodium dictyopteris C. Chr. Akaroa, Raoul ; Stony Bay, D. G. R. 
I have not seen specimens of this fern. 

Arthropteris tenella J. Sm Exact locality forgotten, D. G. R. 

Oleichenia dicarpa R. Br. (?). Near head of O’Kain’s, D. G. R. 

Gleichenia Cunninyhamii Hew. Five years ago Mr. G. Penlingtoh and 
I came on this fern near a small stream near the head of Le Bon’s 
(Martin, 1918), whence it has now totally disappeared. It was at one 
time very commonly distributed. Long Bay and Hickory, G. P. and 
D. G. R. ; Flea Bay and Le Bon’s, L. J. V. 

Nothoclaena distans R. Br. Mat. Wight’s Bay, on spurs of the hills, D. G. R. 

Gymnogramme leptophylla Desv. Rocks near creek at lighthouse and on 
Adam’s Point, D. G. R. ^ 

Gymnogramme rutaejolia Hook. & Grev. Adam’s Point, D. G. R. 

List of Species still gbowing in the Region investigated. 

The species named in the following list are still growing in the localities 

recorded by Laing or myself. Records by Riches were made prior to 1900. 

Other records are not given unless the exact habitat is mentioned. 

Eymenophyllum ranim R. Br. Waikerikikeri (Hickory), R. M. L. ; Le Ron’s, 
W. M„ D. G. R. This species was once common, but is now difficult to 
find. 

Eymenophyllum sanguinolentum Hook. f. Le Ron’s Reserve. This fern 
may most easily be found by following up the stream-bed till it reaches 
the waterfall, where it is growing on the rock and on neighbouring tree- 
trunks. 

Eymenophyllum flabellalum Lab. Peraki Reserve, R. M. L., W. M. This 
fern is easily found on the caudices of Dicksonia squarrosa at Wainui, 
Akaroa, Takamatua, and Le Ron’s. 

Eymenophyllum peltatum Bearne (=» H. unilaterale Willd.). Long Bay, 
D. G. R. and R. M. L. 

Trichomanes venosum * R. Br. Extremely common on the stems of tree- 
ferns in almost every valley, W. M. ; Balgueri Valley, R. M. L. 

Oyathea dealbata Swartz. ' Everywhere common, but less so from year to 
year. 

lyathea medullaris Swartz. Mr. Hooker and others at Wainui inform me 
that some half-dozen specimens exist about a mile towards the Heads 
from Wainui, but I have not seen them. 
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Dryc^lelia Smithii Hook, f . Akaroa and Wainui, E. M. L., W. M. ;^ominonly 
with all round the harbour. ' 

DicMunia squarrosa Swartj^. Everywhere common. 

Dicksonia fibrosa Col. Wainui, R. M. L. ; Le Ron’s, W. M. ; Barry’s Biiy, 
E. F. Stead. 

Alsophila Colensoi Hook. £. Common in bush above the Summit Road at 
the head of Stony Bay, near Akaroa. I have a doubtful record from 
Le Bon’s. 

Leptolepia novae-zelandiae (Col.) Kuhn. This and the last species do not 
appear to have been collected in the last thirty years. I have noted 
this fern " at Peraki Reserve, Wainui, Grehan Valley, French Farm, 
Le Bon’s, and head of Robinson’s Bay in the little tongue of bush 
that lies between the road and the summit, where it may easily be 
obtained. 

Adiantum ajfine Willd. Nikau-palm GuUy, R. M. L. All valleys round 
Mount Bossu. Wainui, French Farm, Rowe’s Bush Waterfall, Akaroa, 
and especially on the coastal cliffs north of Mat. Wight’s Bay. This 
fern must formerly have been widely distributed. 

Hypolepis tenuifolia Bemh. Top of ridge, Akaroa to O’Kain’s, W. M. \ 

Hypolepis distans Hook. Neighbourhood of Akaroa, D. G. R., W. M. 

Cheilanihes Sieheri Kunze. Spurs on Llicas Bay, D. G. R. .Evidently less 
common than formerly. 

Peliaea rotundifolia Hopk. Everywhere abundant both in *thp bush and in 
the open. 

Pteridium esculentum Cockayne. Common near the margin of the bush ; 
covering many acres of valuable land on the spurs above Wainui and 
Akaroa, and increasing rapidly. 

Paesia scaherula Kuhn. Mount Bossu, Wainui ; R. M. L., W. M. ; head of 
Balgueri Valley, W. M. and G. P. ' 

Histiopteris incisa J. Sm. Stony Bay near O’Kain’s, R. M. L. ; Le Bon’s, 
Stony Bay near Akaroa, and Long Bay, W. M. 

Pteris iremula R, Br. Potts records this fern from “ Tikao Bay,” which is 
probably intended for Little Tikao Bay, where it is still growing, L. J. V., 
W. M. ; foot of Peraki Reserve, W. M. ; near top of range at Hickory 
and Stony Bay, D. G. R. 

Blechnum Pater soni Mett. Peraki, Le Bon’s, Balgueri and Grehan Valleys, 
Akaroa, Wainui ; always at the higher levels and in damp bush. 

Blechnum discolor Keys. Common in bush above 1,000 ft. 

Blechnum lanceolatum Sturm. Common in bush. 

Blechnum penna marinum Kuhn. To be met with at all levels from sea- 
leyel, as at Maori Kaik, to the summit. »This is a most abundant fern 
on open hillsides; 500ft. is given as the lowest level by Laing, but I 
have seen it almost on the sea-shore at Maori Kaik and at Wainui. 

Blechnum Banksii Mett. Squally Bay and Stony Bay, D. G. R. ; light-, 
house, Akaroa, L. Cockayne ; Stony Bay, W. M. • \ 

Blechnum capense Schlecht. Common, especially in bush above .1,000 ft. 
level. 

Blechnum fiuviatile Lowe. Common near bush-streams. 

Blechnum membrariaceum Mett. Brough’s Bay, D. G. R., G. P. I have not 
visited this locality, but have reason to believe it still exists there. 

Blechnum vulcanidum Kuhn. This fern has eluded collectors and investi- 
gators for many years. It is growing freely on some rocks in a piece 
of bush bordering a small tributary of the main stream in Grehan 
Valley. Elsewhere on the peninsula it occurs in Kaituna Bush. 
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Asplenium fiabellifolium Cav. A cosmopolitan fern in the district exam' 
Asplenium obtusatum Forst. f. On coastal cliffs. Within the harbor' . ,, 
fern presents all manner of intermediate gradations between A. obtilsatum 
and A, lucidum. Wall (see Laing, 1919, p. 376) considers the coastal 
fern of Lyttelton Harbour to be a form of A. lucidum rather than of 
A. obtusatum. I hold the same view in respect to the Asplenium of 
Akaroa Harbour. 


Asplenium lucidum Forst. f. Wainui, French Farm, Barry’s Bay, Pigeon 
Bay, Akaroa, Little Tikao Bay. The typical form is met with 
flanking the streams for a few chains from their entry into the harbour 
wherever these are shaded by bush. Fronds 5 ft. 6 in. long were 
recently exhibited by me in Christchurch from Barry’s Bay. On 
Adam’s Point a gradual transition towards A. obtusatum may be noted, 
the pinnae becoming more and more oblique and erect, more coriaceous, 
and shorter, and the fronds more dwarf and compact. An examination 
of these localities leads me to think that the most potent factors in 
causing this transition are the degree of exposure and the degree of 
salinity at the roots. The degree of shade and moisture are also factors 
of importance. 

Asplenium Lyallii (Moore) Cockayne. I obtained two specimens of this 
fern within a chain of typical A, lucidum and the fern here called 
A. obtusatum on Adam’s Point. Head of Duvauchelles, W. M. 


Asplenium Hookerianum Col. Three very distinct forms of this composite 
species exist in the locality. The typical form is abundant in Akaroa 
itself, at Maori Kaik, and at Wainui ; it is well distributed generally. 
Superficially, a second form, found in Balgueri Valley, almost exactly 
matches the plate given by Field for A. umbrosum var. parvifolium. 
Var. Colensoi is found at Tikao Bay, D. G. E. 

Asplenium bulbiferum Forst. f. The commonest bush-fern, but, like a 
number of others, it may often be seen growing in a crevice in a rock 
exposed to the full effects of sun and wind, in which situation it 
becomes extremely coriaceoui . 

Asplenium Richardi Hook f. Waikerikikeri, E. M. L. ; coastal cliffs on the 
seaward side, D. G. E, 


Asplenium fiaccidum Forst. f . This fern is everywhere abundant. 

Pdystichum vestitum Presl. Very common in the upper regions of the 
bush — t.e;,, above 1,000 ft. Where the bush has been cleared this fern 

often continues to thrive in the open. 

Polystichum Richardi J. Sm. A very hardy cosmopolitan type, thriving 
equally well on the coastal cliffs, open pasture, and dense bush. It 
thrives at all levels. A spidium oculatum o^ the Handbook (Hooker) 

does not seem to be a fixed type, as considerable variation in the disc 
of the involucre and in the margin hi the scales occurs sometimes in 
a single clump of P. Richardi. 

PolyUichum Mspidum J. 8m. Maori Kaik, Newton’s Valley, Balgueri 
Valley, Le Bon’s, W. M. Nowhere common. 

Polystichum adiantiforme (Forst.) J. Sm. Eegarded by Laing as ‘‘pro- 
bably an erroneous identification,” but undoubted specimens may easily 
be obtained on the caudices of pickonsid squarrosa about a mile up 
Grehan Valley. I have obtained it in Newton’s Valley, and also in the 
valley below the Jubilee Eoad, a quarter of a mite above McDonald’s, 
at Wainui, where it was growing luxuriantly, though only two specimens 
were seen. 
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Dryopteris glabella Chr. Balgueri Valky, R. M. L., W. M. ; Maoii Kaik» 
Newton’s Valley, Grehan Valley, and Bowels Busli on Adam’s Pointy 
W.M. - , 

Dryopteria punctata C. Cr.* Cofaimon on the margins of the hush, 

Dryopteris penmgera C. Chr, Common in shaded stream-beds below; 1,000 ft, 

Bryopteris velutina 0. Ktz. This handsome iem still. grows where it was 
discovered by Raoul. Akaroa, Rowe’s Bush, Maori Kaik, W. M. 

Poly podium Billardieri (Willd.) C. Chr. (= P^australe Mett.). Common on 
rocks and tree-trunks all round the summit. 

Polypodium pustuUUum Porst. f. Long Bay, D. G. R. ; Stony Bay, W, M. 

Polypodium grammitidit R. Br. Common on tree-trunks and on rock near 
the summit from Stony Bay to Wainui. Specimens from Le Bon’s 
, measured 12 in, in length. 

Pdypodium diveraifolium WiUd. Everywhere abundant. 

Cydophorus serpens C. Chr. Akaroa, Peraki, Island Bay, W. M. 

Leptopteris hymenophylloides Presl. Abundant in the denser areas of bush, 
as at Peraki, Le Bon’s, Stony Bay, &c. It also grows in the beech 
forest at the head of Balgueri Valley,' facing full to the sun. 

Ophioglossum coriaceum A. Cunn. Hills behind Wainui, ridge between 
Le Bon’s and Hickory, R. M. L. 

Botrychium ausirale R. Br. Grehan Valley. Mr. G. Penlington conducted 
me to a spot where it formerly grew abundantly, and we were fortunate 
enough to find a specimen about 400 ft. above sea-level. Brasenose 
(lower levels), G. P., D. G. R. 

Lycopodium varium R. Br. Waikerikikeri, R. L. M. ; head of Le Bon’s and 
Barry’s Bays, W. M. Specimens superficially resembling £. Billardieri 
Spring were obtained by* me growing as epiphytes both at Stony Bay 
and at Le Bon’s. At first I could find no fertile fronds ; and, referring to 
barren fronds sent to him, Dr. J. E. Holloway wrote me, “ Almost cer- 
tainly L. Billardieri'' Writing later, after I had secured fertile fronds, 
he says, “ I agree with you that the fertile plants you send are more of 
the form of L, varium than of X. Billardieri. These two species grade 
into one another so that it is quite possible to speak of an intermediate 
form as being a variation of the one as much aa of the other. Seeing that 
they are recognized as two distinct species . . . and judging from 

the fertile specimens they deserve the name L. varium." Tne barren 
fronds were obtained from Qriselinia littoralis and Podocarpus totara, 
while the fertile plants were epiphytic on Bicksonia fibrosa. All had 
a tendency to upward or erect growth, but the longer fronds drooped 
by reason of their weight. 

Lycopodium Billardieri Spring (?). See preceediDg note. * 

Lycopodium scariosum Forst. Head of Long Bay and Stony Bay, D. G. R., 
W.M. 

Lycopodium volubile Forst. f. Wainui hilltops, above Le Bon’s Bay, near 
Hilltop Hotel, R. M. L., W, M. . 

Tmesipteris tannensis Bemh. This pteridophyte grows plentifully 'In the 
stream-valleys at Akaroa, and more sparingly at Le Bon’s aqd Peraki. 
Plants over 1ft. in length are not uncommon on the tree-fern stems 
in Newton’s Valley at Akaroa. , . 

Azolla rubra R. Br. Pigeon Bay, W. M. This little floating water-fern 
frequents the surface of fairly stationary water, which is seldom pro- 
vided in the Akaroa area, hence the probable reason for its not having 
been reported previously. 

n — Tmnn. 
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\ INTRODUCTION. 

The younger rocks of New Zealand, embracing ' all marine strata from 
Albian to Pliocene, consist in nearly all localities of accordant fock-series, 
and form, broadly speaking, a structural and physiographical unit. The 
rocks composing them — viz., conglomerates, sandstones, greensands, mud- 
stones, and limestones — are much less indurated than the imconformably 
underlying greywackes, argillites, phylliteS, schists, or granites, and physio- 
graphically form a weak covet* to a resistant undermass. Unlike the latter. 



ThOMSOK .*’ — Geology of iiiddle Witipara a/nd Wtha Pdi^ lHstriei. S23 

they are rarely strongly^ folded, except iij the neighbourhood of etrong 
faults, and in general eaiibit onljr a tilting or warping which tiiey* share 
equally with the undermass as a consequence of blqpk-ratdting. Owing to 
their softer nature they rarely occur far up the slopes of the tilted blocks, 
but are confined to the lower levels near the fault-angles. 

The ages of the lower and upper members of these younger rocks vary 
greatly in different districts in New Zealand, and there is no locality where 
a complete series is found in superposition. Consequently it has seemed 
desirable to give them in their totality a descriptive name — vis., the 
Notocene — and to define it by diastrophic considetations as. embracing all 
the beds deposited between the post-Hokonui and Kaikoura deformations 
(Thomson, 1917, p. 408). i 

The Notocene may be divided into the following divisions : — 

Table I. — Divisions op the Notocene. 




Groups. 

Stages. 

Probable Gorrelatlon. 

Wanganuian 

( Castlecliffian ' . . . . 

1 Waitotaran 

Upper Pliocene. 

Lower Pliocene. 

Oamaruian 

' 

'Awamoan . . . . | 

Hutchinsonian . . . . f 

Ototaran 

Waiarekan . . . . 1 

iNgaparan .. . . j 

Paparoan . . ^ 

Upper Miocene. 

Lower Miocene. 

Oligocene. 

Danian to Eocene. 

Kaitangatan ; . . . . | 

Piripauan 


Senonian. 

Clarentian 


Turonian-Oenomanian. 


j Albian. 


In 1919 I gave a description of the Notocene sequence in the Clarence 
Valley, Marlborough, which ranges from Clarentian to Awamoaiv and pos- 
sibly to Waitotaran. The North Canterbury Notocene sequence described 
in the present paper includes marine rocks ranging from the Piripauan to 
the Waitotaran, with ah overlying terrestrial series of possibly Castlecliffian 
age. These rocks form a tilted strip running from the neighbourhood of 
Mount Grey north-east across the Waipara River in its middle reaches, 
and across its tributary the Weka Creek, occupying the whole of the 
Weka Pass, and thence continuing nearly east for eight miles or more a 
little to the south of the Waikare River. This strip is bounded on the 
north-western side by the pre-Notocene rocks of Mount Grey, the Doctor’s 
Range, and the hills south of the Waikare River, except for a short distance 
near the township of" Waikare, where its lower members abut against the 
recent alluvium Of the Waikare River. On, the south-east the upper mem- 
bers dip under the coijtinuous gravel-plain of the Kowhai and Waipara 
Rivers and their tributaries. The area* covered by these Notocene rocks 
may conveniently be known as the Middle Waipara and Weka Pass district, 
in distinction tq the Upper Whipara district,^ near. Heathsto.ck, and the 
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Lower Waipara district,* between the township of Waipara and the sea, 
in both of which localities similar developments of Notocene rocks occur. 
These locality distinctions have already been made by McKay. The Middle 
Waipara and Weka Pass areas form a continuous district, but as they have 
separate access by road, and as there is no road traversing and connecting 
them, they are often treated of as separate districts. It shpuld be noted 
that in the earlier literature the term “ Waipara ” was generally used for 
the Middle Waipara area alone, but that the term is now generally used 
colloquially by geologists for the whole of the Middle Waipara and Weka 
Pass district. ' In old reports the part of the Middle Waipara district 
between Boby’s Creek and the Waipara Eiver is sometimes termed “ the 
Ram Paddock,” a self-explanatory name referring to its use when part of 
the Glenmark Station. 

In the history of Notocene- geology the district of the Middle Waipara 
and Weka Pass has attracted more attention than any other in Ne\j Z^- 
land, and the Notocene sequence there displayed was made by Hector, 
Hutton, and von Haast the basis of their various schemes of classification 
of the Notocene ; but, although the district is perhaps the most oft^n 
quoted in our geological literature, no comprehensive account of the whole 
Notocene stratigraphy has been attempted since that of Park in 1888. 
Since that date many new observations have Ibeen made, a great deal more 
is known^of the fossils from the various beds, and, moreover, new view- 
points have been found, so that a new accoimt has become desirable. In 
attempting it I can lay no claim to exhaustive treatment, as there are many 
outcrops which I have not traversed, and every fresh visit to the district 
brings to light new fossil forms from the old localities, and new fossil- 
localities. There is abundant scope for further exploration, and the detailed 
survey of parts of the area may be suggested as useful these^ for students. 
Still, the major outlines both of stratigraphy and of palaeontology can now 
be stated, and their bearing on the systems of classification of the younger 
rocks of New Zealand needs pointing out at the present time. 

The map accompanying this, paper (fig. 1) does not claim to be more 
than a sketch-map, and is in large part based on previous maps. 

Although the attached bibliography includes a very large number of 
papers, a minority contain descriptive matter relating directly to the strati- 
graphy or palaeontology of the district, and the majority deal mainly with 
the correlation of the various beds and their place in general classifications 
of the younger rocks of New Zealand. These latter papers are concerned 
mainly with the validity or otherwise of the Cretaceo-Tertiary formation of 
Hector, a formation based, first, on the conformity of the Amuri limestone, 
Weka Pass stone, and “ grey marls ” within the district, and, secondly, 
on certain correlations believed to exist between the various rocks of the 
sequence and those of the Oamaru and West Coast areas. It will make 
for^cleamess if these matters are treated in separate sections of this paper. 

PART I.--^DESCRIPTIVE GEOLOGY. 

GEOLOGICAL EXPLORATION OF THE DISTRICT. 

The subjoined table, showing the dates of the principal visits of geologists 
who have written on the district, will gi-^e some idea, of the interest it has 
created amongst New Zealand geologists. The list does not include, many 
other visits by those who have not published their observations. 


♦ Also known as “ Double Comer.” 
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Fig. 1. — Geological map of the Middle Waipara and Weka Pass district. . Scale, Jin, 
to one mile. The sides of the map are N. 71^ E. 1, Pre-Notocene. 2, Piri- 
. pauan. 3, Amtiri lim^tone and Weka Pass stone. 4, **QTey marls ’’ and 
sands interbedded '«rith 5, Mount Brown limestones. 6, Greta and Kowhai 
beds. 7, Kotopleistooene (allnyial plains). 
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Table II. — Dates of the Pbincipal Visits of Geologists to the Disteiot, 


Date of Visit. 


Date of Publication (see 
Bibliography). 


C. ForbeB-~1849 • . . * , . 

T. H. Cockbum Hood-~1859 . . - 

1868 

Sir J. von Haast — 1864, 1866, 1867, (three visits) 

1869 .. 

1876 . . 

Sir J. Hector — 1867 

1873-74 . . 

1886 .. 

A. McKay — 1872 (as collector for Canterbury Museum) 
1874 . 

1876 
1886 
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The earliest notice of the district is that of C. Forbes (1855), who was 
assistant surgeon to H.M.S. “ Acheron.’’ He describes a journey up tlM^ 
bed of the Kowhai River to the foot of Mount Grey and a descent by the 
Karetu River, a tributary of the Okuku. The area he traversed thus 
probably lies jpst outside that treated in this paper, but he deals with the 
upper Notocene rocks of the same strip. He mentions the tilted gravels, 
since assigned by Speight (1919) to the Kowhai series, and a stratum of 
hard blue clay dipping south-east at an angle of 35° and containing an 
immense number of marine shells, the genera of which are specified. The 
blue clay underlies sandstone, and higher up the river similar beds are 
represented by dense, hard, blue limestone. These sandstones and blu6 
clays belong doubtless to the Greta series (Waitotaran), and are obviously 
Tertiary, although Forbes expresses no opinion on this point. 

In 1859 T. H. Cockburn Hood discovered and collected saurian remains 
in the bed of the Waipara River and forwarded thejn to the Briti^i Museum. 
These fossils were described by R. Owen (1861), under the name of Plesio- 
saurus australisf and referred to the Jurassic period. This find stimulated 
great interest among geologists, although the early visits of von Haast and 
Hector were fruitless so far as further specimens were "concerned. In his 
first visit, in 1864, von Haast apparently mistook the cup-shaped Polyzoa from 
the lower Mount Brown beds for saurian vertebrae, and in consequence 
considered the saurians as survivors into the Tertiary. In 1870 he acknow- 
ledgexi his mistake and credited the discovery of the true position of the 
* ‘‘ saurian beds ” to Hector. The next considerable collection of saurian 
remains was again made by Cockbum Hood, in 1868, but on their vray to 
England the specimens were unfortunately lost through the wreck of the ship 
“ Matoaka.” Von Haast had fortunately made drawings and taken measure- 
ments of the more important bones, on which he published a note in 1870. 
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Cockburn Hood in 1870 gave a description of the locality and the rocks 
from which he obtained his collection. 

Following Cockburn Hood’s successful search, Hector in 1868 sent R. 
Holmes to. collect for the Colonial Museum, and he obtained a “ fine series 
of specimens'” principally from a tributary of Boby’s Creek {cf. Hector^ 
1869, p. xi). Drawings of these, forwarded by Hector to Owen, enabled ' 
the latter in 1870 to add two further species to the fauna— viz.. Plesiosaurus 
crassicostatus and P. hoodii. Hector in 1874 described other species from 
Holmes’s collection, and mentions also a specimen collected at Boby’s Creek 
by W. T. L. Travers. 

In 1872 von Haast employed A. McKay to collect for the Canterbury 
Museum, and it was his success in this task that later led to his employ- 
ment in the Colonial Museum and Geological Survey. McKay subsequently 
collected further saurians for the Colonial Museum in 1874, but in 1877 he 
reported that all the more accessible specimens had been secured and 
further collections could only be made at considerable labour aiid expense. 
Nevertheless, in 1891 he was successful in recovering a specimen which he 
had first seen in 1874, but which had been lor some years covered up by 
river-shingle. McKay’s experience, as stated in 1892, was that “ nearly all 
the boulders [concretions] that contain bones split in falling from the cliffs, 
or in being shifted along the river-bed, and it is never worth while to open 
a boulder so situated that does not show the presence of bones.” 

In 1876 or 1877 Hector exchanged “250 specimens, fossil Reptilia of 
New Zealand ” with the Trustees of the British Museum, and descriptions 
of these were included by Lydekker in the Catalogue of Fossil Reptilia and 
Amphibia in 1888 and 1889. Hutton in 1894 described one of the speci- 
mens collected by McKay for the Canterbury Museum in 1872. Since 1892 
no fresh collections of saurians from the district have, been made, but the 
interest of geologists has been sustained for another reason — namely, the 
apparent conformity of the beds containing the saurians with others con- 
taining a purely Tertiary fauna. 

The first general account of the geology was giveiv by Hector in 1869, 
who noted that the saurian beds were intimately associated with, but 
probably underlay, blue and grey marly sandstone, sometimes passing into 
chalk, and were in turn underlain by white and brown sandstones containing 
coal-seams, and correlated with the Wealden. These three formations were 
covered unconform ably by Miocene white and yellowish calcareous sand- 
stone, in parts composed altogether of cup-shaped Polyzoa, and by reddish 
limestone, composed of comminuted shells. On these Miocene rocks rests 
Pliocene blue clay with beds of sand and gravel containing many existing 
species of marine shells. Hector gave no account of the structure, but 
stated his belief that the underlying “ Triassic ” rocks had been denuded 
into hills and valleys long prior to the Tertiary period. As Hutton pointed 
out in 1885, Hector did not distinguish between the ‘‘ grey marl,” the Weka 
Pass stone, and the Amuri limestone, but considered them all as a “ blue- 
grey marly sandstone sometimes passing into chalk.” The unconformity 
here postulated Hector always adhered to, the lower group becoming later 
his Cretaceo-Tertiary formation, and the middle (Miocene) his Mount Brown 
beds, or Upper Eocene. - 

The next account of the district, by von Haast (1871), was based on a 
detailed survey of the Middle Waipara part of the district, carried out under 
Hectqr’s direction for the Colonial Geological Survey, and was accompanied^ 
by' a map. Von Haast gave a detailed account of the beds in the Waipara 
River and .in Boby’s Cre6k, the most detailed account yet given so far as 
the beds below the Amuri limestone are concerned ; but, like Hector, he 
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did not distinguish between the latter. rock and the Weka Pass stone. The 
succeeding “ grey marls he considered as strongly unconformable to the 
underlying groups, and so showed them on his map ; but, as Hutton pointed 
out in 1877, he failed to recognize the strong fault crossing Boby’s Creek, 
which brings the middle Notocene against the older Notocene. Von Haast’s 
map shows three inliers of the pre-Notocene within the Notocene of the 
Boby's Creek watershed, and these he considered as islands in a large pre- 
Notocene bay, along the shores and round the small islands of which the 
lower strata were first deposited in shallow water. His map also shows in 
approximately correct position a small detached outcrop of calcareous sands 
(Aniuri limestone) in the upper part of Boby's Creek, which has escaped 
notice by all subsequent observers. In his next account of the district, 
in 1879, von Haast still adhered to an unconformity between the lower 
Waipara (Cretaceo-Tertiary) formation and the ‘‘grey marls’’ forming the 
base of the Oamaru (Upper Eocene) formation. 

Hutton in 1877 referred to the district in a general account of the 
geology of the north-east part of the South Island, and, as in his later 
writings, dealt summarily with the beds below the Amuri limestone, but 
emphasized the importance of the contact* between the Amuri limestone 
and Weka Pass stone, which in his opinion unco nformably separated a 
lower — Waipara (Upper Cretaceous) — formation from an upper— Oamaru 
(Eocene) — formation. He first introduced the term “ Amuri limestone,” and 
considered that this rock was consolidated, jointed, and water-worn before 
the W^ka Pass stone was deposited upon it. As already mentioned, Hutton 
correctly interpreted the fault in Boby’s Creek, and described another in 
the upper part of the Weka Pass. Like Hector and von Haast, he con- 
sidered that the Notocene rocks were deposited in valleys formed in the 
pre-Notocene (“ Lower Cretaceous ”). 

McKay in 1877 (1877a) was successful in finding a saurian in the green- 
sands between the saurian beds ” and the Amuri limestone. As regards 
the unconformities believed by Hutton and von Haast to exist, he stated 
that stratigraphically he could find no conclusive evidence of unconformity 
between the Weka Pass calcareous greensands (base of the Weka Pass 
stone) and the Amuri* limestone ; and “ if the Weka Pass calcareous green- 
sands belong to the lower Waipara beds, no unconformity can be conceded 
as far as the uppermost beds of the Mount Brown series.” McKay at this 
date was therefore in substantial agreement with the position taken later 
by Park in 1888, and by Marshall, %)eight, and Cotton in 1911. 

In the same year (1877b) McKay gave a detailed account of the 
“ reptilian ” beds of Amuri Bluff and the Middle Waipara, and discussed 
the question of the pre-Notocene. physiography. He concluded that it was 
improbable that the outlines of the present configuration of the area within 
which the Notocene remnants are found was determined in the pre-Notocene, 
or that the Notocene was deposited in a large bay, with inlets penetrating 
the mountain-ranges, but that the evidence pointed to the sub^ence of a 
very wide area until deep-sea deposits were formed, and a subsequent 
upheaval of mountain-chains, between which, and in the folds of which, 
the younger rocks have been preserved to the present day. The views 
thus early put forward by McKay, though receiving little attention at the 

* It is customary to term this contact the “ junotioh ” between these two rocks ; 
but a junction is that which unites, whereas in the belief of many writers this surface 
of contact or touching is rather a surface of separation. term junction*” has 

probably been adopted because there is practically a pa^ge-zone. and not a surface 
of separation, the zone consisting partly of Amuri lim^tone with intesoalati(m$ of 
gr^nsand and often with bori^s fiUed idth greensand, ai^ partly of greensand con- 
taining small pieces of Amuri limestone. 
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time, were ela]>prated by him in latex papers on other districts, and, thanks 
mainly to physiographical evidence in support brought forward^ recent 
years by Cotton, are now'generally accepted by New Zealand geologists.^ 

In 1886 Hutton once more called attention to the contact between the 
Amuri limestone and ihe Weka Pass stone throughout North Canterbury^, 
and its importanoe in respect to the classihoation and correlation of the 
Notocene sequence. Within the district he examined the contact at only 
one point— viz., in a small gorge of the Weka Pass Stream just above the 
railway-viaduct^ — and stated that he believed this to be the only section 
in the neighbourhood where it could be studied. Although the contadt is* 
carefully described, the latter statement is quite incorrect, and is of interest 
as typifying Hutton’s general neglect of detailed field-work. Not only may 
the contact be observed in numerous places within the Weka Pass, as 
McKay in 1887 pointed out, but it is exposed at short intervals throughout . 
the whole length of the district. Hutton noted the common dip of the 
two rocks, but again seated his conviction . that the water- worn surface of 
the Amuri limestone, and .the presence of pebbles in the lower 6 ft. of the 
Weka Pass stone, were conclusive proof of unconformity. * In addition, an 
overlap of the Weka Pass stone on to the slate rocks of Mount Alexander 
at Hurunui was adduced as further proof of unconformity. Hutton also 
gave lists of fossils from the Weka Pass stone and the ‘^grey marls,” 
showing that these two rocks,, along with the Mount feown beds, 
belonged to the Oamaru system, and pointed out that the Amuri limestone 
contained no characteristic fossils, but was always associated with under- 
lying rocks containing remains of marine saurians and' Cretaceous Mollusca. 
Consequently he claimed that the palaeontological break must be between 
the Amuri limestone and the Weka Pass stone, exactly where the strati- 
graphical evidence placed it. “ If the line between the Waipara and 
Oamaru systems be taken immediately above the Amuri limestone, hardly 
any species of Mollusca, perhaps not a single one, will be found on both 
sides of it ; whereas if it be drawn anywhere above the Weka Pass stone 
there must always be a large number of species found on both sides of it.” 

The attack thus made by Hutton on the classification adopted by Hector 
and the officers of the Geological Survey opened a period of very keen 
controversy, mainly between McKay and Hutton. McKay (1887a) reaffirmed 
the conformity of the Amuri limestone and Weka Pass stone on the grounds 
of the strict parallelism of the two rocks, and attempted to explain away 
the appearances of unconformity. The so-called shattering of the Amuri 
limestone he attributed to the effects of jointing combined with a downward 
working of the greensand into the joints, anA he published analyses of the 
Amuri limestone and the supposed pebbles of the. same rock in the green- 
sand to prove that the latter were concretionary phosphatic nodules. The 
Colonial Analyst called the insoluble residue from the Amuri limestone 
(42-74 per cent.) “ almost pure sand (fine-grained),” and McKay suggested 
that, as the limestone was less than 60ft. thick in the Weka Pass, “should, 
the percentage of sand be much increased, the equivalent beds three or four 
miles distant might very w^l be mistaken for other than they are, or be 
absent,” and hence overlap of the Weka Pass stone was no necessary proof 
of unconformity. He further cited a number of species of fossils from the 
Amuri limestone or, lower beds which were also found in higher beds, the 
majority of his list, however, being from localities outside the district. 
Hector (1887A), in commenting on McKay’s paper, accepted the “ definite 
chemical proof that the suppoiSd fragmental layer at the base of the Weka 
Pass stone is truly concretionary,” and published a m|ip and faction of 
the Weka Pass showing an unconformity between the “ grey marls ** and 
the nverlying Mount Brown beds. 



330 Tranmeiion%. 

In 1887 Hutton (1888) examined the sections made in the construction 
pf^the railway through Weka Pass, and distinguished five series of beds — 
viz., (1) the Amuri limestone and underlying greensandstones, (2) the Weka. 
Pass stone and the overlying “grey marls’’ and sandstones, (3) the Mount 
Brown beds, (4) the Greta beds, (5) horizontal silts and gravels. Besides 
the unconformity between the Amuri limestone and Weka Pass stone, he 
admitted another between the Mount Brown beds and the “^grey marls.” 
Lists of fossils of the Mount Brown and the Greta beds were given, the 
latter being placed in the Pareora system. 

Park (1888) records a Visit of nine days to the district, and gives an 
excellent general summary of the geology, accomi)anied by a map and 
section; His conclusion as to the presence of unconforrnities is stated as 
follows : ‘‘ As a result of the examination of many of the magnificent 
sections between the Weka Pass and Waipara, I am strongly of the opinion 
‘ that a complete sequence of beds exists from the base of the Cretaceo- 
Tertiary to the close of the Pareora formation, although the varying 
character of the deposits and their fossil remains show that the sea-bottom 
on which they were deposited was subject to frequent oscillations.” He 
accepted the concretionary nature qf the pebbles at the base of the Weka 
Pass stone, but apparently admitted that the surface of the Atnuri lime- 
stone was water-worn, due to. “ a sudden arrestment of the downward move- 
ment and a return to shallow-water conditions.” The ‘‘ grey marls ” were 
considered to pass insensibly into the "Mount Brown beds: “indeed, it 
would be difficult to accurately fix or define their boundaries.” 

Hector (1888) wasf obviously embarrassed by this conclusion of an officer 
of his survey as to the conformity between the “ grey marls ” and the 
Mount Brown beds, but contented himself with recording anew his belief 
in a marked discordance, with great denudation of the “ grey marls.” 

McKay (1892) re-examined sections in the Weka Creek, and more particu- 
larly in the Middle Waipara, paying particular attention to the “ saurian 
beds.” Concerning the contact between the Amuri limestone and. the 
Weka Pass stone, he noted that in the Waipara limestone gorge the green- 
sand conglomerate and parting-beds of greensand with phosphatic nodules 
were absent, and that there was no sign of unconformity. He also recorded 
a stratigraphical unconformity between the “ grey marls ” and the Mount 
Brown beds near the mouth of Boby’s Creek, evidently the same as that 
later recorded by Thomson in 1912 (1912 b). 

For a period of about twelve years no further examination of the district 
appears to have been made, and Hector and McKay on the one hand, and 
Hutton on the other, to the end adhered to the positions they had taken up. 
In 1905 Park abandoned the Cretaceo-Tertiary classification and accepted 
a modification of that of Hutton, in reality reverting practically to the 
position always taken by von Haast. He supposed that the Tertiary 
(Oamaruian) fossils reported from the Weka Pass stone were in reality 
obtained from tumbled masses of the Mount Brown limestones, and that 
the Weka Pass stone Itself was unfossiliferous ; consequently he included it- 
in the Waipara (Upper Cretaceous) series. The “ grey marls,” he included 
with the Mount Brown beds in the Oamaru (Miocene) series, which rested 
unconformably on the Waipara system, “ the Weka Pass stone and the 
Amuri limestone being th;rown into folds in which the Tertiaries take no 
part whatever.” The Tertiary beds were described in detail, and fresh, 
lists of fossils were given, including a new fossil-locality for the Mouiit 
Brown beds near Mount Donald. Somewhat anomalously. Park rejected 
Hutton’s name of “ Greta -beds ” for the uppermost marine' series, and 
accepted that of Motunau beds ” inst^fed, although Greta is much nearer 
to the district than Motunau, These beds had latterly been accept^ as 
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belongipg to th^ Fareora system .{Upper Miocene), but Park suppressed 
that system throughout N^w Zealand, and correlated the Motunau beds 
with Te Ante or Waitotara series, of older Pliocene age, thus returning 
to the original correlation of Hector (1869) and von Haast (1871). He 
described an unconfbrmable contact between the Motunau beds and the 
underlying Mount Brown beds. 

It is of interest to note that Park also accepted the earlier views df 
Hector, Hutton, and von Haast as to the pre-Nol^cene physiography. He 
considered that the main mountain features of New Zealand were already 
determined in the Eocene, and thftt the preseht interment basins were old- 
Tertiary fiords and inland basins which before the Miocene submergence 
were merely deep valleys of erosion. , 

The modem revival of interest in the district commenced with the paper 
on the younger rock-series of New Zealand by Marshall, Speight, and 
Cotton, in 1911. They restricted themselves to a' critical examination of 
those localities where unconformities had been reported by earlier, observers, 
and recorded their conviction that there was no unconformity in the Wai- 
para and Weka Pass district. A map and block-diagrams of the Weka Pass 
were given to explain the erroneous view of Park that the Weka Pass stone 
and Amuri limestone were thrown into folds in which the Tertiaries take no 
part. The north-western part of the Notocene strip, from which the upper 
beds had been denuded, was thrown into folds whose pitch did not carry 
them beneath the south-eastern part, where the Upper Tertiaries are pre- 
served. The peculiar characters of the contact between the Amuri lime- 
stone and Weka Pass stone are attributed to a change of conditions of 
deposition. “ The change from pure (Amuri) to glauconitic (Weka Pass) 
limestone does not take place throughout the mass of the rock, but inter- 
laminations of glauconitic matter arise and separate pieces of limestone. As 
the conditions that control the depositions become more changed the inter- 
laminations of glauconitic matter become larger, and the pure limestone is 
reduced to nodules which appear like rolled pebbles.” The contact relied 
on by Hutton for an unconformity between the “ grey marls ” and Mount 
Brown beds was considered a fault-contact within the Mount Brown beds. 
The section on which Park relied for an unconformity between the Mount 
Brown and Greta beds was described as showing complete conformity. 
The authors did not express clearly their views as ‘to the pre-Notocene . 
))hysiography, but apparently agreed with the view, accepted by all others 
than McKay, of a diversified surface admitting of considerable overlap 
within a very short distance. 

A period of controversy between Park and M|irshall then ensued as to 
the conformable or unconformable nature of the Lower Tertiaries and Upper 
Cretaceous of New Zealand. Park’s first reply (1911) did not deal with 
the internal geology of the Weka Pass and Waipara district, but disputed 
the correlations made with rocks of the Oam'aru district^ and reaffirmed 
unconformity between Cretaceous and Tertiary on palaeontological grounds. 
Thomson (1912 A and b) recorded a fresh discovery of Oamaruian fossils in 
the Weka Pass stone, and noted an unconformity within the sandy beds 
between the Weka Pass stone and the lower calcareous hoi^zon of the 
Mount Brown beds, in a cliff of the Waipara River gorge, just above the 
junctioi\ with Boby’s Creek. “ It appears, however, to be a purely local 
accident of bedding. With this exception, there is apparent conformity in 
section ‘throughout the Waipara district.” Marshall in 1912 quoted the 
fossils from the Weka Pass stone, which Park had admitted as conformable 
to the Amuri limestone, as proving Park’s adhesion to the conformity of 
the Upper Cretaceous and Lower Tertiary. Park (1912, 193,3) inspected 
the new fossil-locality, accepted the Weka Pass stone as Oamaruian, but 
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v^eaffirmed his belief in a necessary unconformity on palaeontological grounds, 
; which he therefore placed, with Hutton, between the Amuri limes^ne and 
Weka Pass stone, and cited unconformities on the same horizon in other 
districts, and the controversy shifted to these. 

Thomson (1913) described new fossil-localities in the Weka Pass stone 
at Onepunga and in the MOunt Brown beds near the junction of the Weka 
Creek and Qie Weka Pass Stream. He expressed the opinion that “ although 
a classic locality for the determination of the relationships of the Cretaceous 
and Tertiary beds, the Middle Waipara and Weka Pass district is not well 
suited, owing to its poverty in molluscs, to become the standard of reference 
for the Tertiaries of New Zealand.’^ 

Morgan (1915) described the section exposed in the gorge of the Weka 
Pass Stream near the /ailway-viaduct and in its upper valley, agreeing with 
the explanation of the structure put forward by Marshall, Speight, and 
Cotton, and devoted special attention to the contact of the Amuri lime- 
stone and the Weka Pass stone. The conclusion, stated to be tentative, 
was that the facts appeared to be clear proof of at least local unconformity. 
The same writer in 1916 (1916b) described the contact in the country between 
the Weka Creek and the Waipara River, recording the -occurrence of small, 
extremely black, phosphatic pebbles in the glauconitic sandstone to a height 
of 4 ft. above the Amuri limestone surface, also one or two quartz pebbles 
and a pebble of flint, and also worm-borings now filled with glauconitic 
matter in the Amuri limestone. He noted that in the gorge of the Waipara 
River there was no sign of visible unconformity, but considered that it was 
still possible to accept the Amuri limestone and Weka Pass stone contact 
as representing a strati graphical break. He cited a contact visible in a 
small gorge of Weka Creek as very satisfactory proof of the unconformity 
maintained by Hector and McKay as present between the “ grey marls ’’ 
and Mount Brown beds. . Sections were also given showing the Quaternary 
age of some of the faults of the district. 

Speight in 1915 discussed the geology of the in term on t basins of 
Canterbury with a view to arriving at a proper conclusion as to the pre- 
Notocene physiography, and whether or not' the present Notocene beds 
were originally laid in discontinuous deposits or are the renriains of a widely 
distributed cover which once masked the greater part of the surface of the 
country. . He concluded in favour of the latter view, with the restriction 
that they did not form a complete veneer over the whole surface, but that 
elevations that survived the prior period of erosion projected like islands 
through the Tertiary sea, and may in some cases have been sufficiently 
high to form sanctuaries for the Antarctic element in the New Zealand flora. 

Marshall in 1916 desctibed the minute structure of the younger lime- 
stones of New Zealand, including specimens of the Amuri limestone and the 
Weka Pass stone from the Weka Pass. He found the Amuri limestone to 
consist mainly of very finely grained calcite, with fairly numerous, isolated' 
chambers of Glchigerina. Near the contact it contained a considerable 
number of grains of quartz sand and some glauconite, as well as some brown 
mica, together \yith different and larger species of Foraminifera, including 
Cristellaria And Rotalia. These characters, emphasized to a greater extent, 
were the features that distinguished the overlying Weka Pass stone from 
normal Amuri limestone. The microscopic structure and relations of these 
limestones served to indicate a strong resemblance between these stones 
hear their contact, and sucb differences as there were ^ould be a natural 
result of the shallowing of the water and of an increase in the velocity of 
the ocean curirents. The depth of deposit of the Amuri limestone, a pure 
OlfObigerina ooze, was estimated at from 600 to 2,500 fathoms. Its age was 
con^d^red to be Miocene. ^ 
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Thomson (1916) discussed the age and mode of origiir of the Amuri 
limestone throughout North Canterbury and Marlborough, quoting fo^ils 
from it at Amuri Bluff and the Trelisaick Basin (discovered by Speight and 
Thomson) which prov^ the fossil-horizons to be Tertiaiy . As these occur^^d 
near the top of the limestone, which was always underlain by Cretaceoila 
rooks, he concluded that it was in itself a Cretaceo-Tertiary rock — Cretaceous 
at the base and Tertiary at the top. He pointed out that the appearances 
of unconformity between the Amuri limestone and Weka Pass stone were 
not present where the base of the latter rook was not glauconitic, and 
concluded, therefore, that it was a purely local phenomenon, and not 
indicative of a non-sequence of any extent. He suggested that the Amuri 
limestone was in large part a chemical deposit, its silica content and its 
poverty in fossils becoming then easily explicable. 

In 1917 Woods described the Cretaceous fossils of North Canterbury 
and east Marlborough in the collections of the Geological Survey. He 
found that rocks of two ages were represented, those of east Marlborough, 
north of Amuri Bluff, developed especiaDy in the Clar nee Valley (c/. 
Thomson, 1919) and the Awatere Valley, being of Lower Utatur (approid- 
mately Albian) age, and those of Amuri Bluff, Waipara and Weka Pass, 
and the Malvern Hills being Upper Senonian. In the Middle . Waipara and 
Weka Pass district all the fossils <^ame from the Ostrea bed and the “ saurian 
beds,’’ and in most cases were poorly-preserved. 

Thomson (1917) proposed the local terms “ Clarentian ” and “ Piri- 
pauan ” for the two groups of Cretaceous rocks correlated by Woods as 
“ Albian ” and “ Upper Senonian ” respectively, basing them on the rock- 
sequences below the Amuri limestone of the Clarence Valley and Amuri 
Bluff. He criticized the grouping of all the younger rocks of New Zealand 
by Marshall as a strictly conformable series deposited during a single cycle 
of depression and elevation, the period of maximum depression being every- 
. where contemporaneous, on the grounds that the Amuri and Qamaru lime- 
stones Were of different ages and that unconformities are present in some 
districts. He rejected also Marshall’s use of the name “ Oamaru ” fpr a 
system to include all the younger rocks, both on grounds of priority and 
because only a small part of them were developed at Oamaru, but admitted 
the necessity of an inclusive name for them in view of their diastrophic 
unity as more or less accordant rocks, deposited in a period of relative 
diastrophic inactivity between two periods of major diastrophic activity, 
and proposed the name “ Notocene.” The references to the Waipara and 
Weka Pass district were mostly to questions of correlation, but a summary 
of the succession from the coal-beds at the base to the Weka Pass stone 
was given with a view to showing the thinness of the beds between the 
highest known Piripauan and the base of the Amuri limestone. The tilted 
gravels unconformably overlying the marine succession in the Kowhai River 
were also briefly discussed. 

Park (1917) suggested that not only was the tuff-bed recorded by 
Thomson and Speight in the Amuri limestone of the^ Trelissick Basin 
Oamaruian, but the whole of the Amuri limestone throughout New Zealand 
should be placed in the Tertiary, and an unconformity looked for below 
it, probably between the “ saurian beds ” { nd the overlying greensands, in 
which latter Haast had recorded a Recent brach’opod in the Middle Waipata. 

In 1917, also, Trechmann described Cretaceous Gasteropoda from New 
Zealand, mostly from the Selwyn Rapids, but one species from the Ostrea 
bed of the Waipara Gorge was include. 

Speight. and Wild (1918) gave a cai?eful and very detailed desenption of 
the contact between the Amuri^ limestone and the Weka Pass stone, not 
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only in the Middle \^ipara and the Weka Pass, but also in numerous other 
localities in the region between Mount Grey and the Puhipuhi Valley, 
They distinguished between the two rocks a transitional layer, generally 
termed the “nodular” band or layer, which was uniformly about 1ft. 
thick over an area of 100 miles by 16 miles, and was composed of phosphatic 
concretions and nodular masses of phosphatized Amuri limestone in a 
matrix ol greensand or marl, with very occasionally some well-rounded 
pebbles of quartz and greywacke. The remarkable uniformity in the thick- 
ness of this layer over such an area was inconsistent with its being a 
shore-line deposit, and the character of the phosphatic pebbles pointed to 
their formation in a depth of over 100 fathoms. The upper surface of 
the Amuri limestone was not, they considered, an erosion surface, but one 
honeycombed by the borings and burrowings of marine organisms operat- 
ing on the sea-floor at a considerable depth, with possibly some solution 
of calcareous matter by the solvent action of sea-water during a period of 
halt in the deposition. The borings were filled with the materials of the 
overlying bed and not by beach deposits* The rigorous parallelism of the 
Amtiri limestone, the nodular layer, and the Weka Pass stone over such 
an area were inconsistent with a theory of unconformity by emergence and 
erosion. They therefore concluded that there was no unconformity, but 
that some alteration in depth or in the conditions of deposition no doubt 
occurred, which was of no greater amount than that which takes place 
when a bed of different lithological character is laid down in a perfectly 
conformable sequence. In describing the Middle Waipara occurrences the 
authors indicated the ‘existence of a well-defined fault-scarp along the east 
face of Mount Grey, limiting the extension of the Notocene beds in this 
direction. In 1919 the sancre authors discussed the nodular layer as a 
commercial source of phosphate. 

Thomson (1919) discussed once more the age and origin of the Amuri 
limestone in Marlborough and Canterbury, arguing that it was in large part 
a chemical deposit on the outer slopes of the continental shelf. He accepted 
the view of Speight and Wild as to the conformity of the Amuri limestone 
and Weka Pass stone, and considered the contact as a plane of non-deposi- 
tion, which he suggested might be due to a change of conditions putting 
a stop to chemical deposition, while the formation of purely organic ooze 
might be so slow as to allow time for the boring of the last- formed bed and 
the phosphatization of its upper surface before the deposition of the foreset 
greensand began. Dealing with Park’s suggestion for an unconformity 
between the “ saurian beds ” and the Waipara greensands, he reaffirmed 
the Senonian age of the latter beds, rejecting Haast’s determination of the 
brachiopod as Recent, and considered that if any disconformity existed it 
should be looked for above the Waipara greensands in the dark carbonaceous 
mudstone down into which the Amuri limestone passes. 

Speight in 1919 gave a description of the tilted Ravels of the Kowhai, 
Grey, and 16wer Waipara Rivers, and proposed for them the name of 
Kowhai* series. Jle concluded that the age was most probably Pleistocene. 

Morgan (1919) gave a general description of the limestones of the ares^, 
summarizing previous knowledge. He reaffirmed his belief that there is a 
true disconformity between the Amuri limestone arid Weka Pass stone, 'and 
that it denotes a considerable time-interval. 


♦ Speight spells the name “ Kowai.” The Lands Department maps give “ Kowhai ** 
for the river draining from Mount Grey and Mount Brown, and “ Kowai ” for the 
tributary of the Waimakariri River, and the distinction appears a convenient one. If 
Maori orthography is to be strictly follbwed, “ Kowhai ** should be used in* both cases. 
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GENERAL ACCOUNT OP THE GEOLOGY AND PHYSIOGRAPHY. 

As in all districts where any development of the Notocene is presenty' 
there are three main classes of rocks, viz. : — 

(1.) Pre-Notocene : in this ^case greywackes and argillites, strongly 
folded, indurated, and jointed, and truncated by an erosion 
surf ac^, oil which rests unconformably — 

(2.) Notocene (as in Table III below) : the rocks are only moderately 
indiirated, and then well jointed, but are not in all cases cemented ; 
they are for the most part strongly tilted, only locally folded, 
and are often faulted. 

(3.) Notopleistocene : horizontal, for the most part unconsolidated, 
terrace and river silts and gravels. 

The main subdivisions of the Notocene are shown in Table III. 


Table III. — General Classifioation of the Notocene Rooks op the District. 


Age. 

1/)ch 1 Name. 

Nature of Bocks. 

Wanganuian "j 

Kowhai beds . . 

* 

! Terrestrial gravels. 

Greta (or Motimau) beds 

Marine gravels, silts, and blue calcareous 
mudstones with gravelly shell>beds. 

r 

Mount Brown beds 

Rubbly impure limestones and calcareous 
sandstones, interbedded with sands. . 

Oamaruiaji . . •< 

j 

“ Grey marls ” . . . . | 

• 

Grey calcareous and sandy mudstones, 
sandstones, and sands. 


Weka Pass stone and Weka 
Pass greensand 

Limestone and calcareous sandstone, pass- 
ing down into a calcareous greensand 
with phosphatic nodules. 

Kaitangatan 

1 Amur! limestone . . ! 

■i 

Chalky limestone, passing down into marls 
and glauconitic mudstones. 


Waipara greensands 

j 

Glauconitic sands with hard, thin beds of 
greensandstone. 

1 

Piripauan . . 

f 

** Saurian beds ” 

* 

Purple glauconitic mudstones passing down 
^ into sj^s, both with yellow efflorescence. 

r 

Oatrea bed 

Sandstone cemented by poecilitic crystals 
of calcite, resting on a shell-bed mainly 
composed of oyster-shells. 


Ooal-moasures .. .. | 

1 

Carbonaceous shales, limonitic sandstones, 
and sands with thin seams of coal- 
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Structure. 

The general igeological structure of that part of North Canterbury within 
which the district lies consists of elevated folded or tilted blocks with a 
general north-east and south-west trendy separating lowland areas which 
in the interior are interment depressions. Broadly speaking, the elevated 
blocks may be regarded as anticlines and the depressions as synclines, 
though they are in many places bounded by faults, on one or other side.' 
The folding and faulting has been of geologically young age,^ after the close 
of the Notocene deposition, and is doubtless due to the same (Kaikoura) 
progenic movements as caused the elevation of the Kaikoura Mountains. 
Since ^hese movements erosion has largely stripped the Notocene cover 
from the higher parts of the anticlines or tiltpd blocks, so that it is now 
found only on the lower slopes, and the resulting deposition has partially 
filled the synclines or fault-angles with horizontal Notopleistocene alluvium. 

One such lowland area is the Amberley-Waipara Plain, which is a northern 
continuation of the Canterbury Plain, from which it is nearly cut off by 
the Moeraki Downs, consisting of tilted late Notocene gravels. This plain, 
135 ft. above sea-level at the township of Amberley, and 231 ft. at the 
township of Waipara, slopes down south-east of the former place to low 
cliffs near the sea, but farther to the north-east it leaves the coast and enters 
an elliptical basin, crossing the Waipara River and extending some distance 
up the tributary Omihi Valley, being separated from the sea by the anti- 
clinal elevation of Mount Gasp. The lowland area extends farther to the 
north-east than the actual alluvial plain, and passes by way of the Greta 
Valley into the lower Hurunui Valley. 

A second lowland area, farther inland and roughly parallel to the first, 
is the Hurumii-Waiau interment basin, 567 ft. above sea level at Culverden, 
which is drained by the Hurunui and Waiau Rivers. The south-western 
extension of this basin reaches the upper Waipara River near Heathstock, 
while a small lateral extension on the south-east^ side reaches the head- 
waters of the Waikare River near the township of Waikare, 733 ft. above 
sea-level. 

The elevated belt separating these two lowland areas is divided by 
transverse depressions into three main blocks — viz.. Mount Alexander 
(2,448 ft.) to the north-east, the Doctor’s Range (2,568 ft.) in the middle, 
and Mount Grey (3,055 ft.) to the south-west. The north-easterly part is 
again divided obliquely by a nearly east-west fault, which runs from the 
neighbourhood of Waikare along the south side of the Waikare River, aUd 
separates a subsidiary low block, Moore’s Hills, on the south from the 
higher Mount Alexander block to the north. The lowland area between 
these two blocks is occupied by the Waikare Valley, and is continuous 
at its /head with the lateral extension of the Hurunui- Waiau interment 
depression, forming' the northerly of the two transverse depressions in the 
elevated belt. The southerly tran||fer8e depression is the fault-angle of a 
nearly north-south fault on the eastern side of Mouijt Grey, which lies on 
the upthrown side of this fault. 

The Middle Waipara and Weka Pass district here described forms thi) 
lower south-easterly parts of this discontinuous elevated belt between the 
two main lowlands. The Notocene strip of which it is composed is bounded 
on its inland side by a fault near Mount Grey, rests unconformably on the 
pre-Notocene of the Doctor’s Range, is thrown into a series of folds between 
the Weka Creek and Waikare, and at this point has not been completely 
stripped from the anticline of old rocks, and is again bounded by a fault 



Thomson. — Geology of MidMe 

south of the Waikarfe Eiver except for a few miles where it haa again be^n 
stripped from the pre-Notocene on the aommit of the Moore’s bloqk. 
On its seaward side the Notocene strip everywhere dips under the 
pleistocene gravels of the Amberley-Waipara Plain. The Notocene bi^s 
are^ with the exception of the Eowhai gravels, an accordant series, 
behave^as a structural unit in regard to iolding and fatilting. The general 
type of stracture is shown diagrammatically in fig. 2. 



Fig. 2. — A diagrammatic flection from north-west to south-east across the district. 


The disposition of the Notocene rocks as a simply tilted series with 
dips to the south-east is modified at various places both by faults and 
folds. The more important of these, are the Mount Grey fault, bounding the 
Notocene to the, south-west ; the Boby’s Creek fault, cutting the Noto- 
cene strip obliquely and separating the Mount Brown area from the 
remainder of the strip ; and a series of folds transverse to the strip on 
the north-western side of the Weka Pass. 


Doctor* Ranue. Waipara Rlvar. Bobya Croak. Mount Brown 



The displacement along the Mount Grey fault is very great — probably 
over 2,000 ft. — but cannot be accurately estimated, as the Notocene rocli 
do not occur along the upthrown side. There must have been considerable' 
drag accompanying the formation of this fault, for the limestones of the 
Notocene, which half a mile north-east of the fault-line strike north-east 
with a moderate dip to the south-east, become practically vertical near 
the fault-line and curve round to strike north-north-west. 

The Bobjfs Creek fault runs west from the Waipara River north-east of 
Mount Brown, across the lower part and into the upper part of Boby’s Creek, 
ending against the Mount Grey fault. The downthrow is on the north and 
east side, and amounts to about 1,300 ft. near the middle, where the “ grey 




Tramaciiant. 


marls ” have been brought opposite the coal-beds. On the south side of 
the fault some anticlinal folding is seen ; the coal-measures occupy a middle 
position along the fault-line, and thenqe to the west a complete sequence 
up to the Amuri limestone may be traced, while to the east a similar 
sequence up to the Waipara greensands may be seen in Boby’s Creek. On 
the north side of the fault, gentle .anticlinal folding is sho'^sm by the “ grey 
marls ’’ in Boby’s Creek below the road-bridge, and synclinal folding in 
the Main Mount Brown limestone both* on the north bank of the Waipara 
River (see Plate XXI, fig. l)'and alongside the road in the angle between 
the fault, the Waipara River, and Boby’s Creek. 

Near Waikare, where there is a low transverse depression in the main 
elevated ridge separating the two lowland qpreas, the Notocene rocks have 
not been stripped from the pre-Notooene on the axis of the elevation, but 
continue across the saddle, and extend into the Hawarden area. There is 
thus anticlinal folding parallel to the elongation of the Notocene strip, but 
the structure is complicated by the presence south of Waikare of a syncline 
and anticline transverse to the elongation of the strip. As these folds, 
exhibited only in the lower Notocene beds, do not continue to the south- 
eastern side of the Weka Pass, where the upper Notocene beds outcrop, it 
was at one time considered that they were a proof of unconformity ; but 
the structure was satisfactbrily explained by Marshall, Speight, and Cotton 
(1911), whose diagrams are here reproduced (fig. 4). Without doubt the 
Mount Brown beds formerly extended north-west across the pass, and shared 
the same folding, but have since been removed by erosion. 

Besides the above more important structural features there are a number 
of minor faults, with throws from a few inches to several feet, one of whicli, 
in the railway-cutting- 43f miles from Christchurch, was mistaken by Hutton 
for an unconformity. 

Physiography. 

The main elements of the relief of the area under consideration and the 
surrounding areas were doubtless determined by the Kaikoura orogenic 
movements, which caused the uplifts of the high-standing blocks— viz., 
Mount Grey, the* Doctor’s Range, Mdore^s Hills, and the Mount Alexander 
Range — and the (relative) downthrow of the intermont areas of the Heath- 
stock, the Waikare Valley, and the Omihi Valley. . The drainage-pattern, 
however, was probably established in its major outlines, during the earlier 
uplifts of which the Kowhai gravels serve as a record. The Waikare flats 
and the Heathstock lowland are stated by Speight *(1915) to be part of 
the Hurunui-Waiau intermont depression, which is drained by the Waiau, 
Hurunui, Waikare, and Watpara Streams, each with its separate gorge 
through the seaward-lying enclosing ranges. The lowest gap in these ranges, 
the s^dle of the Weka Pass, is not used by any stream, a proof that the 
above rivers occupied their present courses before the uplift of these ranges 
took place. They are, therefore, antecedent streams, or anteconsequents 
if the earlier uplifts are admitted as only earlier stages of the main uplift. 

Following the main later uplifts fresh consequent streams would come 
into being, the chief of those which traverse our district being the Kowhai 
River in its main branches, the Weka Creek, and Omihi Creek. These 
streams, it will be noticed, are widely spaced. 

In the period following the later uplifts an early mature topography 
developed. The presence of hard bands in the Notocene sequence — viz., 
the Amuri limestone and Weka Pass felone, the various Mount Brown lime- 
.stones, and the harder sandstones of the Greta series-^led to the development 
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of prominent cuestas, of which that of the main Mount Brown limestone 
(c/. fig. 2) is the highest and most perristen't in the middle part of the strip, 
being breached only by the Waipara River and the Weka Creek. In the 
south-western part of the district the most prpminent cueata is that of the 
lower Mount Brown limestone, while east of Mount Donald the Weka Pass 
stone cuesta rises to equal prominence with that of the main Mount Brown 
limestone. Although subsequent depressions between the main cuestas were 
well developed, these were mostly occupied by small tributaries of •various 
consequent or insequent streams, and i^iere are few subsequent 8t]reams of 
any importance. The soft Piripauan beds and “ grey marls were for the 
most part reduced to low relief, and bn them the Waipara River and Boby’s 
Creek, and to a less extent the Weka Creek, developed broad flood-plains 
and meandering courses. The texture of dissection of the more porous 
Notocene was much coarser than that of the higher-standing pre-Notoceiie, 
which was characterized by numerous insequents with many rocky ledges. 

North-east of Mount Donald the pre-Notocene rocks of Moore’s Hills 
preserve fairly perfectly a fossil peneplain similar to •those described by 
Cotton from Oamaru, Central Otago, the Gouland Downs, &c., including 
the presence on it of a small outlier of Weka Pass stone. No similar fossil 
peneplain appears to exist on the Doctor’s Range, although the even slope 
from the height of the range to the saddle north of the Deans seems, when 
seen in profile, to suggest the presence of such a stripped surface. The 
reason for its absence near the Doctor’s Gorge may possibly be the steepness 
to which the base of the Notocene has been tilted at this point, rendering 
it more liable to erosion ; but, as the stratigraphy shows the existence 
of an overlap during the deposition of the Piripauan and Kaitangatan, it 
appears more probable that the surface on which the Piripauan rests was 
not peneplained, though penej)lanation had become practically perfect on 
the adjacent land before deposition of the Weka Pass stone. 

The mature topography above described has been modified by a later 
revival of erosion due to regional uplift, which has allowed the Waipara 
River, the Weka Creek, and their main tributaries to incise themselves more 
than 100 ft. in the old flood-plains in narrow steep-walled gorges. The 
.revival extends in the main streams right through the Notocene strip and 
into the adjacent parts of the pre-Notocene rocks, but in the smaller, steep, 
and mostly dry tributaries draining the back of the cuestas of the Mount 
Brown and Greta beds has not passed, on the average, more than half their 
lengths, and the lower gorges through the Kowhai gravels and upper part 
of the Greta beds end abruptly in sand or gravel cliffs. Incised meanders 
are a marked feature of the rejuvenated topography, and are well displayed 
iQ the Waipara River both above and below the limestone gorge, and in 
Boby’s Creek, while a beautiful example, superimposed on the pre-Notocene, 
is shown in the upper of the two inliers of those rocks in Bell’s Creek. In 
the Waipara River the revived valley is graded right through the Notocene 
strip, but* in Boby’s Creek and Weka Creek the grading is not so perfect, 
and the former the Ostrea beds cause a waterfall of about 20 ft. 

The uplift which led to this revival is doubtless the same as caused the 
raised beaches of 150 ft. and 250 ft., described by Speight (1912), near 
the mouth of the Waipara River. Its discontinuous nature is shown by a 
flight of terraces in the Waipara River above the limestone gorge, as 
figured by Cotton (1919) and shown in Plate XYI. Witness to its recent 
origin is also borne by nximerous cut;oft meanders at various heights in 
Boby’s Creek. 
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A still more lec^ revival of erosion is shown by the existence of smali 
channels, a foot or two in breadth and depth, Within the rejuvenated por- 
tions of the small streams draining from the back of the cnestas o^ thi 
Mount Brown and Mount Donald beds. This revival, in the ojnnioh of 
Cotton, *•* may be due to the quicker run-ofE of storm-water owing to, tlfe 
eating-down of the original plant-covering by stock and rabbits, or td 
reduction of the plant-covering by slight desiccation of climate. 

Caves and underground courses in the limestones are not a prominent 
feature of the area. Shelters caused by overhanging bluffs of Weka Pass 
stone are common, and are also developed in places in the Mount Brown 
limestones. The back slopes of the Weka Pass stone cuestas are marked 
by narrow fissures, generally parallel to the strike, which are mostly choked 
with clay and debris to a depth of 8~lt) ft. They are well displayed on the 
cuesta west of the Waipara River limestone gorge, "and on the adjoining 
“ grey marls ” there are three large sink-holes occupied by lagoons. Sink- 
holes are also present in a similar position in the angle between the Weka 
Creek and the Weka Pass Stream. A persistent series of caves, said to be 
of considerable depth and extent, occurs at the foot of the Amuri limestone 
cuesta near Onepunga, just in front of the outcrop of the Weka Pass stone. 
The only underground course I have observed is in the Omihi Creek, north- 
east of Mount Donald' where the stream flows for a short distance under- 
ground in ^ the Weka Pass stone. Springs and marshy areas are well dis- 
played in many places and at various horizons where loose sands rest on 
more impervious rocks — e.^., on the hillside below Troux^ce's quarry, near 
Waikare, where sands below the Amuri limestone and glauconitic mudstone 
rest upon the Waipara greensands. 


DETAILED STRATIGRAPHY. 

PiRIPAUAN. 

The Piripauan rocks of the district include all those Ndtocene rocks 
below the Amuri limestone and the marls, mudstones, or sandstones down 
into which it passes. All the fossils obtained from this group have been 
determined as Upper Senonian, including the Reptilia of the “ saurian 
beds/’ and the presence of Reptilia in the overlying Waipara greensands 
justifies their inclusion also in the Piripauan. The rocks are nearly 800 ft. 
thick in the Middle Waipara district, but they are not more than 150 ft. a 
few miles east of the Weka Pass. The thinning-out is due to overlap, 
since in the eastern end of the district the sequence commences with the 
uppennost division, the Waipara greensands. Within the Piripauan no 
unconformity has been detected by any observer. The beds in most cases 
pass gradually into one another, and the divisions recognized are only for 
convenience of description. 

Coal-measures and Ostrea Beds, f 

In the western part of the district a bed formed mainly of black oyster- 
shells is very persistent, but as coal-seams lie sometimes above and some- 
times below it it is conveniently included with the coal-measures. The 
clearest sections are those of the Doctor’s Gorge, Waipara River, and in the 
various tributaries of Boby’s Creek. 


* Personal communication. 
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^ Doctor’s Govge, Waijpara River. — According to von Haast’s apcount 
(1871), the coal-beds are 150 ft. thick, and consist of rusty-coloured loose 
sands, with some harder bands of limonitic sandstone, followed by white 
quartz sands, and enclosing several seams of very inferior lignite and shales, 
the former from 9 in.’ to 2^ ft. thick. These in turn are followed by angular, 
loose, quartzose sands, covered frequently with an efflorescence of sulphur, 
and not showing any stratification. They strike north and south, with 
an easterly dip of 33°, and rest on pre-Notocene rocks, which dip about 
70° north-north-east. It appears that von Haast must have based the 
above description on beds some distance each side of the gorge, for on the 
river-banks the total thickness under the Ostrea bed does not exceed 40 ft. 
Park’s account (1888) closely follows von Haast’s, but in addition he 
records the presence of distinct plant-impressions from the shales — viz., 
Fagua Ninnisiana, PhylUtes eucalyptoideSy Griselinia myrtifoUum, and a 
fragment of Coriaria (Cinnamomum ?). 

The succeeding Ostrea bed is about 20 ft. thick, and really consists of 
two or three shell-beds with sandy layers between. In places it consists 
chiefly of shells of Ostrea, in others of Pugnellus, and in others again of 
both of these, while there are a lesser number of other species of pelecypod. 
The upper part of the upper shell-bed is locally cemented by a calcareous 
cement in the shape of large poecilitic plates of calcite, and contains a few 
grains of glauconite and feldspar, in addition to the quartz of which it 
jiiainly consists. vThis is presumably the rock referred to by McKay (1877b) 
as “ glance sandstpne,” The mollusca collected at this locality by McKay 
(1891) were determined by Woods (1917) as Trigonia hanetiana d’Orbigny, 
Ostrea sp. cf. dichotoma Bayle, and Pecten (Camptonectes) hectori Woods. 
In addition a species of Cardium is common, but does not appear to have 
been forwarded to Mr. Woods. Trechmamr (1917) collected and described 
Pugndlus waiparensis. 

Bobyrs Creek, — In Boby’s Creek and its tributaries there are numerous 
sections of these beds, as they wrap round several inliers of the pre-Notocene 
rocks. I have not explored the area fully, and remain undecided whether 
or not there, are two Ostrea beds represented. Where first seen, on going 
up Boby’s Creek, the Ostrea bed is only about 2 ft. thick, and dips down- 
stream. It rapidly thickens, as it rises on the sides of the cliffs up-stream, 
to about 6 ft., and ^s underlain by grey sands with a few carbonaceous streaks 
and many ironstone partings, and with occasional yellow efflorescence. 
After about 100 ft. these sands pass down into a lignitic series of interbedded 
carbonaceous shales and grey sands, also of considerable thickness. The 
section then becomes obscure , for some distance. An Ostrea bed again 
reappears at the waterfall, but the beds below it have not been studied. In 
Bell’s Creek, between the two gorges of pre-Notocene rocks, there is a lignite- 
seam which has been worked by former occupants of Onepunga Farm. 

Von Haast (1871) describes the beds in Boby’s Creek as rusty-coloured 
loose sands, similar to those in the Waipara River, followed by several 
seams of lignite and shale, about 10 ft. in thickness, some of them of better 
quality than those of the Waipara River. These in turn are followed by 
angular white quartzose sands, succeeded by the Ostrea bed. At the water- 
fall this consists mostly of complete specimens of the large Ostrea, but in 
other places the shells are more fragmentary, and in places the bed is 
replaced by calcareous sands. 

The fossils determined by Woods from the Ostrea bed of Boby’s Creek 
were “ Area’* hectori Woods, Trigonia hanetiana d’Orb., and Ostrea sp. cf. 
dichotoma Bayle. In addition I obtained Cucidlaea sp., Cardium sp;, and 
Pugnellus waiparensis Trechmann (?). 
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A peculiat feature oi ih& Ostrecc beds, perhaps most marked hi' Boby’s 
Creek, is the strong smell of petroleum given out when the' oyster*shells ' 
are freshly broken. ' I submitted specimens to the Dominion Atolyst, but 
he report^ that only a trace of petroleum could be determined analyticaljy, 
The black colour of the oyster-shells and the odour of petroleum appear 
in New Zealand to be practically confined to the Piripauan Ostrea be& of 
North Canterbury. 

McKay's Creek, — McKay collected in 1874 from the Ostrea beds of 
McKay’s Creek, which is presumably one of the creeks entering “ the 
Waipara River from the north, above the limestone gorge, but he gave 
no detailed account of the beds in this locality. Woods determined from 
his collections the following species : Nemodon sp. and Pecten (Camptonectes) 
hectori Woods. 

Birch Hollow (Plate XVII, fig. 1). — The beds below the Ostrea bed are 
much thicker to the north of the Waipara River, and are well exposed in 
Birch Hollow, at the upper end of the high terraces, where they form two 
large bluffs. They consist of a lower series of rotted conglomerates, 50 ft. 
thick ; a middle lignite series of grey sands and carbonaceous shales, in 
places passing into lignite-seams, together about 100 ft. thick ; and a 
higher series of yellow sands with ^ironstone partings, about 150 ft' thick. 
The Ostrea beds consist of a lower oyster-bed, 16 ft. thick, separated from 
a high similar bed, 1ft. thick, by 20 ft. of sandstone. They contain Ostrea 
sp. cf. dichotoma Bayle and Pecten hectori Woods. The beds here are flatter 
than in the Waipara River, and strike north-north-^ast, with a dip of 15® 
cast-south-east. 

Weka Creek, — The Ostrea beds are well displayed in the Weka Creek, 
where they are about 40 ft. thick. , At this locality I collected the speci- 
mens of Ostrea sp. cf. dichotoma Bayle figured by Woods, and he determined 
also Pecten (Camptonectes) hectori Woods from McKay’s earlier collection. 
There are few other molluscs, but a fragment cf a rhynchonellid was 
observed. The underlying rocks consist of loose white sands, 40 ft. thick, 
resting on 6 ft. of coal-shale, which here lies hard on the rotted argillite, 
and laterally dovetails into the sands. 

The Ostrea bed is again seen as a thin band in the northern tributary 
of Weka Creek rising near Waikare, and may extend some distance to the 
north-west in the Waikare-Hawarden district. East of the Weka Pass 
these lower beds have not been observed, and they are certainly absent at 
the eastern end of the district. 

‘‘ Saurian Beds ” and Waipara Greensands. 

Waipara River. — An almost complete section of the beds between the 
Ostrea bed and the base of the Amuri limestone is exposed in the banks of 
the Waipara River between the Doctor’s Gorge and the limestone gorge 
(Plate XVI). They consist of sands, mudstones, and greensands, and may 
be conveniently termed the “ sulphur sands ” and “ sulphur mudstones,’’ 
together constituting the saurian beds,” and the “ Waipara greensands.”^ 
The sulphur sands and mudstones are so termed from the presence of a yellow 
efflorescence on the rocks, formed of sulphur compounds, combined with a 
distinct smell of sulphurous gases in the near vicinity of the cliffs and talus, 
particularly where these rocks are cut through by narrow gorges. The 
yellow efflorescence has not been chemically examined in the Waipara dis- 
trict, but a similar efflorescence on Clarentian mudstones in the Nidd Valley, , 
near Coverham, has been reported on by the Dominion Analyst, who states, 
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“ The encrustation contains a small qilantity of free sul{)hur. The water 
extract showed the presence of ferrous sulphate and small quantities of 
calcium and magnesium salts.’* The efflorescwice or encrustation is presum- 
ably due to the oxidation of sulphide of iron, present mostly in a state of 
fine division in the rocks, but partly in well-defined small nodular con- 
cretions. The name of “ saurian beds ” is given because of the presence 
of large concretions containing saurian bones in the upper part of the 
sulphur sands and the lower part of 4he sulphur mudstones. This is the 
horizon from which most of the Piripauan saurians have been obtained 
both in thia district and at Amuri Bluff ; but it should be noted that speci- 
mens have also, been obtained both in the underlying coal-measures and in 
the overlying Waipara greensands. The latter rocks have usually been 
termed the concretionary greensands ; but this name is unsatisfactory — first, 
because the concretionary beds compose only the lower part of the green- 
sands, and, second, because thete is a higher greensand horizon 'with true 
concretions to which the name might equally refer. 

The Ostrea bed in the Waipara River is followed by clean white sands, 
containing a few carbonaceous shaly partings near their base. After about 
100 ft. they become much more argillaceous, and pass finally into streaky 
rocks, fonning grey cliffs, and consist, when freshly broken, of a dark mud- 
stone matrix containing lighter-coloured streaks of glauconite and quartz 
sand in a calcareous base. At about 300 ft. above the Ostrea bed there 
is a thin band, about 6 ft. thick, consisting mainly of quartz sand and 
glauconite. This is succeeded by purple micaceous mudstones with a 
shaly parting, which are perhaps 200 ft. thick. The sulphur efflorescence 
commences after the first 50 ft. of sands, and continues in greater or less 
intensity throughout. Well-defined, nearly circular concretions, mostly from 
4 ft. to 9 ft. in diameter, commence about 100 ft. albove the Ostrea bed, ajid 
continue along certain planes for about 200 ft. (Plate XVII, fig. 2). Further 
similar concretions reappear in the middle and upper part of the purple 
mudstones. The concretions are formed of hard calcareous sandstone, and 
consist of grains of quartz with subordinate feldspar, glauconite, magnetite, 
and muscovite, set in a calcareous cement which is occasionally poecilitic, 
the individual calcite' crj^stals being sometimes as much as an inch in 
diameter. 

Fossils are not common in these concretions, but, owing to the keen 
search that has heen made for saurian bones, a large number has been 
collected. McKay (1892) noted that out of a total of some 260 “ boulders ” 
examined only six or eight proved shell-bearing, and three were rich in 
shells. Usually in the shell-bearing concretion there is a mixture of 
monocotyl^onous and dicotyledonous plant-remains. The pelecypods col- 
lected by McKay from this locality were determined by Woods (1917) a^ 
follows : Malletia (Neilo) cymbida Woods, Trigonia waiparensis Woods, and 
Thracia sp. In addition imperfect specimens oi Belemnites were included, 
and gasteropods, which were sent to Professor Wilckens, of Jena, before 
the war, and have not yet been described. The Reptilia collected from the 
“saurian beds” in this vicinity by Hood, Holmes, von Haast, and McKay, 
as determined by Owen, von Haast, Hector, and Lydekker, were : Leiodon 
haumuriensis Hector, Cimoliosaurus austraUs (Owen), 0. hoodi (Owen), 
C. holrmsi (Hector), and C. haasti (Hector). Hood collected other speci- 
mens, which 'were lost in the s.s. “ Matoaka,” including bones which he 
judged to belofig to Tdeosaurusy but Hector (1874) considered it probable 
that the specimens should be referred to Leiodon, 
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View looking down the Waipara River towards the limestone gorge, with the Deans Range in the background. 1, pre-Notocene rocks of 
the Doctor s Range ; 2, up})er part of “ saurian }»eds ; 3, lower (concretionary) Waipara greensands ; 4, upper Waipara greensands ; 
5, glauconitic mudstones underlying Amuri limestone ; 6, low’er (marly) part of Amuri limestone ; 7, upper (chalky) part of Amuri 
limestone ; 8, Weka Pass stone ; 9, lower Mount Brown limestone (C) ; 10, upper Mount Brown limestone (D) ; fl, slip composed 
mainly of Amuri limestone. 




Fjq, 2.— Grey muddy sandstones with saurian concretions, Waipara River. 
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Plate XVIII. 





Fia. 1. —Cliff of lower ((umcrctionary) Waipara greensands, Waijiara River. 
ha c d b 



Fig. 2. — View of the upper part of the Wcka Pass, a, pre-Notocene rocks of the Moore’s 
Hills block ; b, Waipara greensands ; c, Weka Pass stone surmounting Amuri 
limestone ; d, Mount Rrown beds in Mount Donald. 



Tbans. N.Z. Inst., Vol. LII. 


Plate XIX. 




Fig. 2.— “Fucoids” ia the Wcka Pass greensand, elilfs overlooking Waipara River 

above limestone gorge. 





' Thomson. ^:S 

The '^question was raised by Holmes (c/. Hector, 1869) whether the 
saurian “ boulders ” were not derived, or at least “ deposited in the bed as 
rolled masses,” since in some of them the saurian bones reach to the 
exterior, and appear there to be water-worn. Von Haast (1871) confirmed 
this observation, but concluded that the concretions were in situ, McKhy . 
(1892, p. 99) was therefore led to describe the fcoulders in great detail to ' 
explain this phenonienon: They are often encased in 5 in. to 6 in. oi 
impure cone-in-cone limestone, or by an envelope of similar thickness com- 
posed of sandy calcareous matter, preserving fucoid stems so abundantly 
that these must have formed a perfect envelope round the nucleus and 
greater mass of the concretion, rnterior to this cone-in-cone or fucoidal 
covering the concretion is a hard greyish-blue limestone rock, ahd the 
remains of various species of saurians when present for the most part 
appear near the centre ; but in cases in which considerable and cbnnected 
portions of a saurian skeleton occur the bones are'sometimes found through 
the whole diameter of the. concretion proper, and into the cone-in-cone 
limestone or fucoidal envelope that surrounds the harder central portion. 
From the high clii! on the left, bank of the river below the junction of Pirau 
Burn, concretions often fall into the channel of the river at its base, and in 
several cases, as at present can be seen, they leave embedded in the marly 
greensands one-half or less of the cone-in-cone, more rarely of the fucoidal, 
envelope ; also boulders may be seen in sit'd frOm which one-half of th'fe 
conc-in-cone envelope has been loosened and fallen off, leaving the con- 
cretion beneath perfectly round and smooth. When the calcareous matter 
accreting to form the boulder 'has from any cause been insufficient to 
include the whole of the remains within the concretion proper, some of the 
bones are fractured or jointed along the line joining the boulder and its 
envelope, and the bones thus appearing at the surface are polished as 
though the boulder had been formed mechanically, and transported to the 
position it now or lately occupied by the action of running water.” 

In the creek called by McKay the Pirau Bum the sands immediately 
above the Osirea bed are well bedded by the interposition of numerous 
carbonaceous shaly partings, and present a great similarity to the sands 
under the Ostrea bed farther to the north-east. 

The sulphur mudstones forming the upper part of the “ saurian beds ” 
are followed by the Waipara greensand, which may here be divided into a 
lower and an upper group. The lower group consists of 75 ft. of alternat- 
ing hard and soft greensandstones, the hard bands being 1ft. to 2 ft. in 
thickness and an average of 7 ft. apart. The hard parts are not continuous, 
but have a concretionary appearance (Plate XVIII, fig. 1). They have 
generally been described as calcareous, but show little effervescence with 
acid, and in thin section are found to» consist of rounded grains of quartz 
and glauconite, accompanied by small pyritized fragments of organisms 
(probably radiolarian), set in a fine-grained granular matrix which is not 
birefringent. In hand-specimens the rock is mottled green and purple- 
grey. The upper group, 110 ft. thick, consists of softer, very dark green- 
sands with a good deal of argillaceous matter and frequently with a shaly 
parting. In the cliff on the south side at the upper end of the large 
river-meander these pass quite gradually into the succeeding glauconitic 
mudstones, but in the clifi on the north side at the junction with Birch 
Hollow there are a few bands of hard greensandstone at the top, similar 
to those of the lower series. These upper greensands contain many pyrite 
concretions and have a marked yellow efflorescence. 
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Fossils are very scarce in the Waipafa greensands, the most common 
being an obscure form from the lower group which has defied recognition. 
They consist of calcareous tubes, J in. to 1 in. in diameter and a few inches 
in length, the interior being filled with matrix. Von Haast (1871b) recorded 
the presence of “ some shells which appear to be allied to RadioUUs^* 
and the specimens he collected are preserved in the Geological Survey col- 
lections. They resemble the calcareous tubes collected by me, but are 
distinguished by the presence of nodal-like marks at intervals, giving the 
specimens an external resemblance to an equisete stem. Dr. Marie Stopes, 
who kindly examined the series of specimens, writes that they are certainly 
not Equisetiuean or structures of any higher plant, and that Professor 
'Garwood, who also carefull)^ examined them, concluded that they were not 
algal ; she showed them also to specialists working on lowly animals, but 
none of them would claim them, and the consensus of opinion was that 
they were inorganic. Von Haast (1871a) recorded also from the lower 
group “ Waldheimia lenticularis and some pieces of a Pecten too small for 
recognition,” and from the upper group two small Pectens, Waldheimia 
lenticularis and Scalaria browni (?). Park (1888) recorded a Waldheimia and 
a Pecten from the lower group. Unfortunately, none of the above fossils 
are preserved in the Geological Survey collection's. McKay (1877a) col- 
lected bones of Cimoliosaurus australis in a detached mass of greensand near 
the junction of Birch Hollow with the Waipara River, and in 1913 ,1 
obtained part of a saurian jaw with teeth in a hard band near tlie top of 
the upper group at the same locality. These two saurian occurrences serve 
to unite the Waipara greensands with the saurian beds in the Piri])auan. 
There is every appearance of conformity, however, with the succeeding 
group. 

Birch Hollow,- -The sequence of the ‘'saurian beds” and Wai])ara 
greensands in Birch Hollow is essentially similar to that in the Waipara 
River, but owing to the flatter dips, and the 8liy)ping of the sides of the 
narrow gorge, the thickness of the beds cannot be easily estimated. The 
creek is nearly choked below the Ostrea bed by the abundance of saurian 
concretions coming from the grey sandy mudstones. Many of these show 
saurian bones and a few are crowded with gasteropods, but are too hard 
to break with an ordinary hamper. A good collection of saurian remains 
could be made from this gorge if the difliculties of transport could b(* solved, 
but they are very considerable, as the sides form sandy cliffs nearly 200 ft. 
in height, while the bottom is choked for over a mile with fallen beech-trees 
and large boulders. The greensand bed separating the grey, streaky, sandy, 
concretionary mudstones below from the purple sulphur mudstones above 
is about 6 ft. thick, and is characterized by an abundance of small quartz 
pebbles of about ^ in. diameter. The purple micaceous mudstones are 
well exposed in the main northerly tributary, which I did not explore, and 
appear to be upwards of 200 ft. thick. They do not appear here to bear 
any saurian concretions, and I noticed only one small concretion, of 4 in. 
diameter. The banded concretionary greensands do not appear to be more 
than 50 ft. thick, while the succeeding upper greensands at the mouth of 
the (jreek are perhaps thicker than in the Waipara River^ and contain an 
abundance of pyrite nodules up to 3 in. or 4 in. in diameter. They are 
very dark, richly glauconitic, soft sandstones, with occasionally a tendency 
to assume a shaly parting, and in places have a very strongly marked 
sulphur efflorescence. From them I obtained a minute shark’s tooth, con- 
sidered by Mr. P. G. Morgan to be Odofitaspis sp., and similar to 0. aifenuafxi 
(Davis). 



Unoutioisi.—Geohgy of MidMe Wo^ipatii '9iT 

Bobyrs Greek . — ^The “saurian beds” and Waipaira greensands of the 
Boby’s Creek watershed closely resemble those in the Wuipara River. The 
Os^rea bed is followed down-stream by sandstones forming grey to U^t- 
yellow cliffs, and becomii^ more argillaceous when traced ujpwards, finfi||5' 
passing into grey sandy mudstones with marked yellow efflorescence. Sat^fiih 
concretions commence ^a viry short distance above the oyster-b^, but 
rarely exceeded: ft. in diameter. Near the top these grey mudstones are 
notably streaky find inclining to be purple, and they are succeeded bj a 
bed of loose sand about '20 ft. thick, which in turn is followed by similar- 
streaky mudstones rapidly passing up into purple toicaceous mudstones, 
which here abut against the fault. The higher beds appear on the high 
terrace on the south bank and up the most easterly tributary on this side, 
and consist of the concretionary greensands, the still higher beds not being 
exposed. The thicknesses of the above beds cannot be accurately esti- 
mated, as the bedding-planes are not well expressed, and the creek runs 
obliquely to the strike. In the upper part of Bell’s Creek, besides the 
above rocks a small exposure of the upper Waipara greensands occurs. 
The whole series should be exposed in Boby’s Creek above the waterfall, 
but I have not studied it there. 

The following species of saurians, collected by Holmes, Travers, McKay, 
and von Haast, have been determined from the “ saurian beds ” of Boby’s 
Creek : Cimoliosaurus australis (Owen), C. haasti (Hector), and 0. caudalis 
Hutt. From Hector’s collection of 1867, Chapman (1918) identified the 
following fish-remains : Teeth of Scapanorhynchus suhulatus (Ag.) and of 
Odortiaspis incmva (Davis), and vertebrae of Lamna (?). Presumably these 
are from the “ saurian beds.” * 

Weha CreeA;.— -The Ostrea beds are followed hy loose sands of consider- 
able thickness, which become more sulphurous and argillaceous in their 
upper part. The succeeding mudstones are harder than in the Waipara 
River, and in places are almost flinty and contain impure flint nodules 
a few inches in diameter. They are slightly micaceous, and are pale 
lila(‘ on weathered surfaces, with rusty joint-planes and an occasional yellow 
efflorescence. These flinty mudstones present a great resemblance to 
Clarentian flinty mudstones in the Kekerangu and Benmore areas both 
in. texture and colour. In their upper p£^t they become less hard, and 
greyer in colour. No saurian concretions are seen either in situ or in the 
stream-gravels lower down, and are probably absent in this locality. The 
succeeding beds (Waipara greensands) are not here exposed, owing to a slip 
of Amuri limestone covering them. 

In the northern tributary of Weka Creek rising near Waikace the hard 
bands of the Waipara greensands crop out at a number of points or form 
sheadings on the lower hills below the high cuesta of Amuri limestone and 
Weka Pass stone, and cross over into the Waikare watershed at the western 
end of Waikare Township. Thence the Waipara greensands extend as a 
narrow strip to the east between the township and the hills, but are partly 
covered by surface deposits of soft limestone and sands. Loose greensands 
are exposed in the excavations for the Waikare hospital site. ^ 

Weka Pass- Waikare Saddle.— Briween the Waikare flats and the upper 
part of the Weka Pass the upper Piripauan beds are disposed in a flatly- 
dipping anticline around the western end of the ridge of pre-Notocene rocks 
which lies to the. south of the Waikare Stream, and are exposed in the 
railway-cutting on the saddle near the 47-mile peg from Christchurch. The 
sides of this cutting are now considerably dipped alid heavily grassed. 
Hutton (1885), who had an opportunity of examining this section soon after 
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the cutting was made, describes the beds, from below upwards, as bright- 
green argillaceous sands, calcareous green sandstone with shark’s ' teeth, 
dark-grey micaceous sandy clay, and dark greensands. The da;rk-grey 
sandy clay passes in places into hard pale-lilac mudstones similar to 

those observed in the Weka Creek. 

East Side of Weka Pass.— In the valley entering the Weka Pass Stream 
from the east a little above the viadr^ct the hard bands of^the Waipara 
greensands form a well-marked cuesta in the upper half of the valley, which 
continues over the saddle down to the upper part of Chasm Creek. ^ The 
hard bands appear to be about 100 ft. above the pre-Notocene rocks, and 
about 300 ft. below the Amuri limestone and Weka Pass stone contact. 

Chmm Creek and Omihi Valley. — In the lower part of Chasm Creek 
and the more easterly tributaries of the Omihi Valley the Waipara greensands 
are not exposed, owing to an overlap first of the Amuri limestone and 
underlying sands, and finally of the Weka Pass stone on to the p^e-Notocene. 

Waikare Valley. — About eight miles east of Waikare, Notocene rocks 
appear on the south side of the Waikare Valley and extend for some miles 
to the eastward. A continuous section of the beds below the Weka Pass 
stone is not exposed, but I observed in a small road entering the hills 
near what was Mr. Davy’s farm that hard banded greensandstones, exactly 
similar to the lower group of the Waipara greensands, here form the base of 
the sequence, and rest directly on the pre-Notocene rocks. Higher up some 
loose sands were observed, but ho typical Amuri limestone was seen, and 
the total thickness of the beds below the Weka Pass stone does not appear 
to exceed 100 ft. 

' Kaitangatan. 

' Amuri Limestone. 

The upper part of the Amuri limestone throughout the district is a 
glistening-white, hard, very fine-grained limestone, which is generally at 
the surface closely jointed into small cuboidal blocks. The lower part is 
more argillaceous and greyer in colour, and has a much coarser fracture. 
It passes down by imperceptible stages into a grey mudstone, and this in 
turn becomes a glauconitic mudstone with nests of glauconite distributed 
in an apparently capricious manner. This latter rock in the Waipara River 
rests with apparent conformitj^ on the Waipara greensands, and much 
resembles the uppermost saurian mudstone immediately underlying the 
concretionary greensands. In the eastern end of the district, however, 
the glauconitic mudstones under the Amuri limestone rest on loose sands, 
which appear to be interposed between them and the Waipara greensands. 
For. this reason, and because no distinctive!}^ Piripauan fossils have been 
found in them, they have been include with the Amuri limestone. 

The microseopical characters of the Amuri limestone of Weka Pass 
have been briefly described by Marshall {1916a)', who describes it as a 
pure Olohigerina ooze : “ The charpbers of Olcbigerinai which are generally 
isolated, are fairly numerous. By far the greater part of the rock consists 
of very finely grained calcite.” Near the contact of the Weka Pass green- 
sand it “ contains a considerable number of grains of quartz sand and some 
glauconite, as well as some brown mica.” 

A number of analyses of Amuri limestone from the Weka Pass have 
been published with a view to the comparison of its composition with that 
of pebbles in the Weka Pass greensand, or with that of the Weka Pass stone, 
•These are collected in tiie following table, along with analyses of the latter 
rocks, and have beeij in part recalculated. 
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It will be seeii that the hard white limestone at the top consists of 
80 to 88 per cent, of parbonate of lime and 14 to 6 per cent, of silica. The 
grey limestone 50 ft. to 80 ft. below ihe upper surface contains only 66 per 
cent, of carbonate of lime. 

The Amuri limestone contains few microscopic fossils either "within 
the district or elsewhere. In the small gorge above the viaduct in the 
Weka Pass I observed a small fragment of a Pecten about 25 ft, below the 
upper surface. Foraminifera constitute a fair proportion of the rock, and 
from a collection which I made from the uppermost 3 ft. in the above 
locality Mr. F. Chapman determined the following forms : Gu&mhelina 
gldbulosa (Ehr.), BuUmina obtusa d’Orb., BuUmina sp. nov., Qlcbigerina 
oretacea d’Orb., Anomcdina ammonoides (Reifes), said. PulvinuUna el^ans 
fd’Orb.). From the same locality, 25 ft. to 30 ft. below the upper surface, 
he determined Nodosaria annulata Reuss, Olobigerina hulloides d’Orb., 
Anamalina ammonoides (Reuss), and Pulmnulina eZ^ans (d’Orb.). These 
forms, he considers, establish the Danian age of the rook. 

The underMng glauconitic mudstones yield Foraminifera, Ostracoda, 
fish -scales ana vertebrae, and fragments of molluscs and brachiopods. 
The fossiliferous nature of this horizon has only recently been established, 
and the specimens, excepting the brachiopods, have not been examined 
by specialists. The brachiopods include a species of Aetheiw hardly dis- 
tinguishable from the Oamaruian A, gaulteri. The remainder bear no 
resemblance to Oamaruian species, and include a new genus of Terebratellid. 
I hope to describe these and other Cretaceous brachiopods in the near future. 

Waipara Rwer , — The best section through the Amuri limestone is that 
afforded by the banks of the Waipara River at the Limestone Gorge and 
on the south bank for some distance above it. The following beds are 
exposed : — 

Hkrd, white (chalky), closely- jointed limestone, including Feet. 

a few marly bands near the base . . 100 

Softer, grey, argillaceous (marly) limestone with coarser 

bedding and jointing . . . . . . . . 60 

Grey mudstone, passing down into dark blue-grey streaky 
mudstone, with nests and streaks of glauconite . . 300 

The upper white limestone is thin-bedded and closely jointed in all directions. 
It forms nearly vertical cliffs, passing below into grassy talus-slopes. The 
grey limestone is thicker-bedded and less jointed, and has a spheroidal 
weathering like a mudstone. It is sometimes known as the “ fucoidal 
limestone,” from the presence of a peculiar fosSil (?) known as the Amuri 
“ fucoid,” shown in fig. 5. This consists of rudely conical masses of limestone, 
with the apex of the cone directed upwards, the diameter of the base ranging 
from a few inches up to 3 ft. From the apex of the cone coarse flutings 
radiate to the exterior, the flutings being rounded* on the bottom, and the 
intervening ridges rounded or angular according to the shape of the flutings. 
The surfaces on which the latter are developed are not strictly conical, 
but sometimes almost spiral, as in the figure. Occasionally the flutings 
bifuc^-te. The “ fucoids” occur chiefly in the main mass of the grey marly 
limestone, but are best displayed in a marly band, about 18 in. thick, 10 ft. 
above the base of the white limestone. Besides the “ fucoids ” the grey 
limestone contains numerous Foraminifera and many small chitinous flakes. 
It was to a small fragment of the Amuri “ fucoid,” labelled “ Culverden,” 
i^ut more probably from the Waipara or Amuri Bluff, that Hutton gave 
the name of Pinna plicata. 
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The mudstones down into which the grey limestone passes are variable 
rooks, being in places ordinary dark-grey mudstones, in others' very glauco* 
nitic mudstones, but for the most part consisting of a mudstone matrix^ 
blue when freshly broken, white \i^-hen weathered, containing small and large 
nests of glauconite in large grains. They thus resemble considerably the 
saurian sandy mudstones, but are more argillaceous and glauoonitic. There 
^appear to be about 300 ft. of these beds above the large river-meander on 
the south bank, and probably a greater thickness between the mouth Of 
Birch Hollow and the limestone gorge on the south side. Foraminifera are 
abundant ^throughout, but are mostfy rotted. Shell-fragments are present 
in a few places, while fish-scales and vertebrae and obscure plant-remains 
are fairly frequent. In the cliffs on the north bank of the river below Birch 
Hollow crushed tubes of Teredo are not infrequent, but no other shells were 
obtained. From a cliff on the east side of the small creek on the right bank 
I obtained a number of fragments of brachiopods. It is eminently desirable 
that as. complete a collection as possible should be made from this horizon. 



BelVs Creek, Bohy's Creek , — In the upper part of Bell’s Creek, and in 
a small tributary which has cut a gorge through the Amuri limestone, 
the lower, grey limestone and the underlying glauconitic mudstones are 
exposed in a number of small cliffs, not furnishing a connected section. The 
glauconitic mudstones resemble thos4 in the Waipara River, and contain 
large and small Foraminifera, fish-scales, and various spines and spicules, 
but no shells were obtained except a single fragment of a brachiopod. Near 
the base these rocks contain numerous rounded white and green quartz 
pebbles up to J in. diameter, and small rounded pieces of retinite up to 
I in. diameter. 

Weka Creek .— Waipara gr^sands are not exposed in the main 
branch of Weka Creek, owing to a slip of limestone overlying them, and 
the succeeding glauconitic mudstones are also mostly obscured. The upper 
1 2 ft. of the latter bed is exposed in the cliffs of a small creek entering 
from the west just above the limestone gorge, and consist of dark mudstones 
with nests of glauconite similar to that below the Amuri limestone in the 
Waipara River. They are directly succeeded by the marly limestone, of 
which about 30 ft. is exposed. The same mudstones occur in the bed 
of the Weka Creek at the junction of this tributary, and yield, fish'-scales 
and vertebrae and Foraminifera. 
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Welca Pass. — The exposures of the lower part of the Amuri limestone 
are not very good in the Weka Pass. Morgan (1915) has noted the following 
sequence : — 

(1.) Amuri limestone, fairly pure, iOft. or less in thickness. This 
is much jointed and even shattered in places. 

(2.) Amuri limestone, argillaceous, about ^ft. thick. This rock 
where exposed to weathering breaks into small cuboidal or 
irregularly-shaped fragments. ^ 

(3.) Calcareous light-grey claystonC, probably between 40 ft. and 
50 ft. thick. Exposed surfaces break into ve^ small frag- 
ments. 

(4.) Uncemented sand, with lumps of clay. 

Waikare. — ^An important exposure has recently been made by the excava- 
tion for soft (surface) limestone in Trounce^s pit, a mile west of Waikare. 
This pit lies on the grassy: slopes below the outcrop of the outlier of Amuri 
limestone, and has passed through the surface deposit of soft limestone into 
a tough glauconitic mudstone, which exactly resembles those below the 
Amuri limestone at Weka Creek and the Waipara River. Mr. B. C. Aston 
has determined the carbonate of lime as 10 per cent. It contains numerous 
Foramanifera and rare sharks* teeth and brachiopods, including Aetheia 
sp. cf. gauUeri. 

From borings made in the grassy slopes below the pit, and from the 
presence of springs farther down, it appears that the above mudstone rests 
on glauconitic sands, which in turn rest on some impermeable bed, along 
the top of which a series of springs appears. 

^ Omihi Creek. — North-north-east of Mount Donald the Amuri limestone 
and underlying rocks are exposed in a small dry gorge tributary to the 
main tributary of the Omihi Creek. The lowest b^s exposed are about 
60 ft. of yellow sands, mostly fine-grained but with a fair proportion of 
large well-roimded quaftz grains and much white mica. These become 
glauconitic and harder 3 ft. from the top, and are succeeded by 15 ft. of 
glauconitic mudstone, which passes up into 5 ft. of fucoidab argillaceous 
limestone with a good deal of glauconite. This is succeeded by the con- 
cretionary band of the Weka Pass stone, here about 6 ft. thick, which in 
turn is followed by 40 ft, to 50 ft. of typical Weka Pass stone. 

The sands at the base are well exposed farther up the main tributary 
of the Omihi Creek, and rest upon thf Waipara greensands. 

^ Farther east, although there are no clear exposures, the beds between 
the Weka Pass stone and the pre-Notocene rocks greatly diminish in thick- 
nes^j, and it is probable that no Amuri limestone exists. *Bast of Moore’s 
Hill South the beds below the Weka Pass stone again increase in thickness, 
and near Davy’s farm sands similar to those described above are seen 
between the Waipara greensands and the Weka Pass stone. 


Oamaruian. 

Weka Pass Greensand and Weka Pas^ Stone. 

The “ Weka Pass stone ” is an old quarryman’s name for the budding- 
stone (if the Weka Pass, and was intrcniuced into geological literature by 
Hutton (1877), who included under it not only the limestone, formerly 
used as a budding-stone, but also the calcareous greensandstone down into 
which* the limestone passes. McKay referred to the latter rook as the 
^^ grejensand conglomerate,” while Speight -and Wdd termed it the “ nodular 
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band ” or layer.*’ Since it is nov always nodular within the district, 
but is always mpi?e glauconitic than the overlying limestone, it is admissible 
to name it the “ Weka Pa&s greensand,” and to confine the namp of “ Weka 
Pass stone ” to the overljdng limestone. There are thus two gfeensaiid 
horizons both in the Wefea Pass and the Middle Waipara — viz., the Waipara, 
•greensand below the Amuri limestone, and the Weka Pass greensand resting 
on the Amuri limestone. There is a third greensand horizon in the Waipara 
Kiver — viz., a facies of the “grey marls” resting on the Weka Pass stone. 

The Weka Pass stone isfan arenaceous, slightly glauconitic limestone, 
50 ft. to 100 ft. thick, the calcareous part of which is composed of the 
tests of Foraminifera and a fine-grained base similar to that of the Amuri 
limestone. In some parts, where the -terrigenous elements are feebly 
developed, the rock becomes almost indistinguishable from the Amuri 
limestone, and, like it, is then thin-bedded and closely jointed, but for the 
most part it is coarser in texture, is cream-coloured instead of white, and 
is thick-bedded and not closely jointed. Consequently it presents, as Morgan 
(1915) pointed out, a more massive appearance in natural exposures than 
the Amuri limestone. Its chemical composition is shown in Table IV, con- 
sisting mainly of 67 per cent, of carbonate of lime and 22 per cent, of silica, 
whereas the Weka Pass greensand contains only 47 per cent, of carbonate of 
lime and 35 per cent, of silica. The Weka Pass greensand, being a softer 
rock than the two limestones it separate^, is generally hollowed out, and 
the Weka Pass stone overhangs the hollow in a massive rounded ledge 
(Plate XIX, fig. 1). Where the Amuri limestone below is also cliff ed the 
hollow of the greensand makes a marked break in the cliff, which is often, 
occupied by a^sheep-walk. Along certain parts of the outcrop the Weka Pass 
stone is apparently weaker towards erosion than the Amuri limestone, and 
instead of overhanging it in a cliff, as is usually the case, forms a small cuesta 
at the foot of the dip-slope of the more prominent Amuri limestone cuesta. 
This is the case between Onepunga Farm (to the south of Boby’s Creek), 
and Mount Grey, and for a short distance north-east of the North Dean. 
At Onepunga the Weka Pass stone is rather more glauconitic than usual, 
and Speiglit and Wild have suggested that this and the greater abundance 
of phosphatic nodules are evidence that the old shore-line is being approached. 
More direct evidence would be an increase in the percentage and grain - 
size of the terrigenous material ; and, as this is wanting, the suggestion 
lacks weight, more especially as the confirmatory evidence of overlap of 
the lower beds is absent in this locality. 

The Weka Pass greensand presents two facies. In a few localities it is a 
simple slightly glauconitic calcareous sandstone presenting no peculiarities. 
I'his is particularly the case in the middle part of the limestone cliffs south of 
the Waipara River, between the road leading down from the Bam Paddock 
to the river and the limestone gorge. Lenticular masses of glauconitic 
material appear in the upper part of the Amuri limestone, and these 
gradually increase in number and size until the * whole mass becomes 
glauconitic, and after a few feet passes insensibly into the Weka pass stone. 
At this locality “ fucoids ” are abundant in the upper part of the greensand 
(Plate XIX, fig. 2), including a peculiar type with curved transverse divisions 
like the septa of an Orthoceras, but unsymmetrical. 

Elsewhere the Weka Pass greensand presents a very peculiar contact 
towards tlie Amuri limestone, a contact which has been repeatedly claimed 
as unconformable and with which a very considerable proportion of the 
literature on the district has been concerned. Little can be added to the 
12 — Trans. 
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detailed descriptions by Morgan (1915, 1916) and the exhaustive discussior 
by Speight and Wild (1918). The upper beds of the Amuri limestone are 
not compact, but consist of small separated blocks of white limestone, a fe^ 
inches in diameter, in the interstices of which there occurs a filling oi 
calcareous greensand of the same nature as the overlying bed of greensand. 
The upper 1 ft. or 2 ft. are most affected, but the penetration of the lime- 
stone by the greensand occasionally reaches a depth of 6 ft. The blocks oi 
limestone are mostly irregular in outline, and similar in shape to the cuboidal 
blocks isolated by jointing throughout the limestone. Morgan describes 
the fissures between the blocks as irregular cavities, following joint- 
planes to a great extent, but evidently enlarged by chemical erosion oi 
solution, and mentions the existence of small peninsulas of limestone, some 
of which are joined only by a narrow neck to the main mass, extending 
several inches upward into the glauconitic sandstone. Speight and Wild 
describe the Amuri limestone as “ jointed into flaky quadrangular blocks, 
the upper 2 ft. or more being bored by marine worms and the casts filled 
with glauconitic sandstone. The amount of boring increases progressively 
upwards until what may be called the transitional layer is reached.'’ When 
I first examined the ’contact, in 1912, I noted occasional borings with 
round sections in the limestone, filled with glauconitic calcareous sandstone, 
blit I formed the impression that the greater part of the penetration of the 
limestone by the greensand had taken place along joint-planes enlarged 
by solution, and after re-examining the contact with Speight and Wild's 
explanation in mind 1 am still of the same opinion, and agree with Morgan. 
.1 noted also in the gorge of the Weka Pass Stream above the viaduct that 
6 ft. below the contact, where the limestone is practically undisturbed, there 
are occasionally bedded lenticular masses of glauconitic calcareous sandstone 
within the limestone. Speight and Wild observed a similar })henomenon in 
the Weka Creek, where they describe the limestone as breaking into quad- 
^rangular blocks, with interstitial calcareous greensand in layers parallel to 
the bedding in its upper portions, very occasional burrows extending to 6 ft. 
below the actual junction. 

The uiJpermost part of the Amuri limestone, termed by Speight and Wild 
the “ transitional layer,” they describe as follows : “ This consists in its 
lower part of Amuri limestone material thoroughly bored, with the int(‘ratice5 
filled with glauconitic limestone. The result of the boring increases |)rogr<^s 
sively, and the quantity of glauconitic material increases pari passn. The 
upper Gin. is completely bored, so that peninsulas of Amuri limestone 
project at times into the overlying glauconitic layer, and at times become 
detached and resemble subangular pebbles in appearance. They are more 
phosphatic than the imderlying limestones, and the included glauconitic 
limestone is more phosphatic than the overlying glauconitic layer. Iiududed 
in this band are small angular nodules, green or black in colour, which 
are strongly phosphatic. Very occasionally small well-rounded jwd^blos oi 
quartz, about J in. in diameter, are met with.” 

The lowest layer of the greensand, described in the last part of the above 
extract, is termed by Speight and Wild the “ nodular layer.” • The greal 
majority of the inclusions are subangular pieces of Amuri limestone, slightly 
phosphatized, and the true phosphatic concretions are relatively scarce and 
quite small. The limestone inclusions are most abundant in the lower 12 in 
of the greensand, but occur sporadically up to 2 ft. from the base, and arc 
then, according to Morgan, mostly rounded. In addition to the quart 2 
pebbles noted in the Weka Pass, Speight and Wild record a well-rounded 
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pebbJe of gre 3 rwacke near Boby’s Creek, while Morgan records one or two 
very small pebbles of greywacke, together with a small rounded phosphatic 
lump, probably a fragment of bone. I have obtained from various localities 
rounded quartz pebbles up to J in. diameter, a subangular pebble of quartz- 
schist 1 in. long, and flattened pebbles of schistose greywacke over 1 in. in 
diameter. The upper part of the greensand passes by an increase of its 
calcareous content quite gradually into the Weka Pass stone. 

The Weka l^ass stone and ^eensand contain fossils only sparingly, the 
chief horizon being at the transition bed of the two rocks, on the underside 
of the overhanging bluffs so commonly developed. The richest locality for 
fossils is at Onepunga. 

Cetacean bones occur fairly commonly, but are rarely perfect. I obtained 
an ear-bone of a whale from Onepunga. Sharks’ teeth are fairly widespread, 
and I collected the following : From Onepunga, Isurus desori and Lamna 
apiculata; north-west of Mount Brown, Odontaspis elegans ; cliffs overlook- 
ing Waipara Kiver, Isurus retropUxus, /. desori (identified by Mr. P. G. 
Morgan). In addition Chapman identified the following species, believed to 
come from the Weka Pass stone, though the exact locality is uncertain : 
Odontaspis iyicurva, Odontaspis sp., Isurus desori, Carcharodon megalodon, and 
^^^combroclupea soi. macropMhalma (Heckel). The specimen of Carcharodon 
megalodou was labelled ‘‘ Boby’s Creek,” and Chapman states that he 
examined the matrix, and had no hesitation in stating that it came from 
the Weka Pass stone. There is, however, no outcrop of this rock in the 
main branches of Boby’s Creek, though the specimen may have come from 
the slopes of Mount Brown. 

Of molluscs, Pecten huttoni and Epitonium lyratum are the most abundant, 
and occair in the cliffs overlooking the Waipara River, north-west of Mount 
Brown, at Onepunga, in the Weka Pass, and in the upper part of the 
Weka Pass Stream. At Onepunga I obtained in addition Struthiolaria 
spinosa, Euthria media (Hutt.) ?, Valuta sp. cf. protorhysa Tate, Turris alius, 
Dentalium solidum, Limopsis aurita, Teredo heaphyi, and indeterminable 
sp(^cies of Aturia, Polinices, Architectonica, Pleurotomaria, Trochus, and 
Ostrea. From the cuesta between the Deans and the Waipawa River I 
obtained tlie holotype of Lima imitata Sut., and on the opposite side of the 
river observed casts of ribbed Peeftens on the back slope of the cuesta. 

Of brachiopods, Aeiheia gaulteri is most widespread, being found at 
Onepunga, between the Deaffs and the Weka Creek, and in the upper part 
of the Weka Pass Stream. Pachymagas cottoni n. sp. has been obtained 
from Onepunga and the cliffs overlooking the Waipara River. P, huttoni 
has been collected at Onepunga. 

Foraminifera are fairly abundant as isolated large examples at many 
localities, while smaller species occur throughout the rock. From a col- 
lection made in the small gorge above the viaduct in the Weka Pass 
Mr. F. Chapman has identified (inter alia) Clavulina antipodum Stache, 
Polymorphina lingulata Stache, and Truncalulina ihiasa (Stache). From 
an examination of thesfe and other Foraminifera and the sharks’ teeth he 
considers that the rock is probably Eocene. 

Echinoid fragments and spines ^le common at many localities, and 
Graphularia sp. and casts of other corals are found at Onepunga. 

Hutton (1885 b, o) recorded a large number of fossils from the Weka Pass 
stone, including many of those mentioned above. The additional species (in 
modern nomenclative) are : Scaphella ehngala, Valuta attenuala (cf. F. sp. 
cf. protorhysa, above), Epitonium rotundum, Galeodea senex, Pleuarotomaria 
12 * 





tertiariay Aturia ziczac var* australis, Lima laevigata, Pecten wilUafnsom, 
P. fischeri, P. beethami var. B ; beside brachiopods, eebinoids, corals, and 
sharks’ teeth, in which Hutton’s identifications cannot be so safely accepted. 
Unfortimately, many of the older collections in the Canterbury Museum are 
labelled simply “ Weka Pass,” without reference to the exact horizon. It is 
possible that the species he identified as Lima laevigata should be L. imitata, 
which resembles it in size. 

The Weka Pass stone presents little variation in composition and thick- 
ness throughout the district. Morgan estimates it at lOOft. thick in the 
Weka Pass Stream. Usually it is not so thick, the average being perhaps 
60 ft. It succeeds the Amur! limestone everywhere this is developed, 
but in the tributaries of the Omihi Creek east of Mount Donald it overlaps 
the Amuri limestone and rests directly on the greywackes of the Moore’s 
Hills block. No actual exposure of the junction can be seen, but there 
is 'a small, flat-lying outlier lying ofi the second V outcrop uphill east of 
Mount Donald, and near the top of a road leading from the Waikare Valley, 
which approaches within 20 yards of an outcrop of greywackes, with only 
a few feet difference in level, so that not more than 20fti of beds can 
septate the two rocks. The neighbouring greywacke surface has all the 
characters of a recently stripped fossil peneplain. The Weka Pass stone 
in this neighbourhood is more glauconitic than usual, with fairly numerous 
dark phosphatic concretions, and has a peculiar pcnc^il-like or thumb-like 
fracture. 

The “ Grey Marls ” and Mount Brown Beds, 

The beds following the Weka Pass stone have long been known as the 
“ grey marls ” and the Mount Brown beds, and the conformity or uncon- 
formity of these two sets of beds has been much canvassed, but there 
has been no close definition of what is to be included in these two series. 
“ Grey marls ” by common consent include any mudstone between the 
Weka Pass stone and the overlying limestones, which also by common 
consent are included in the Mount Brown beds ; but between these two 
limits there is also a considerable thickness of sands and sandstones ; and, 
moreover the upper limit — viz., the lowest limestone of the Mount Brown 
series — is not a persistent lithological horizon in the district, it will there- 
fore be convenient to describe these two “ series ” together. 

Five limestones must be distinguished in the Mount Brown series, and 
may be conveniently indicated by Ijhe letters A, B, C, D, and E. The 
lowest. A, forms a cuesta on the Ram Paddock, and also on the watershed 
between Boby’s Creek and the Kowhai River, towards Mount Grey. It 
is a white polyzoan impure limestone containing in places an abundance of 
large cup-shaped Polyzoa, and is the “ white and yellowish calcareous sand- 
stone ” of Hector (1869), and the “ Bryozoa beds ” of Haast (1871). The 
succeeding limestones, except the last, are mostly' reddish-brown rubbly 
arenaceous limestones, the calcareous matter being largely comminuted 
shells of various marine organisms. Polyzoa, barnacles, or brachiopods in 
places constitute the greater part of the limestones, and there are also 
molluscan shell-beds. The second, B, forms the lower of the two limestone 
cuestas on the south-east side of the Weka Pass, and contains few fossils 
except small cup-shaped Polyzoa and barnacles. It may possibly be the 
same as the thi^, C, which forms the lower band on the cliffs overlooking 
the Waipara River below the limestone gorge, and is characterized by 
the presence of the braohiopod’ Magadina waiparensiM Thomson. The 
fourth, D, is the main band throughout the district, occupying the 
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top of the ridge overlooking the Weka Pass, the^ greater part of the sky- 
line between the Weka Creek and the Waipara River, and the summit 
of Mount Brown. It contains a rich brachiopod fauna, the commonest 
species being Magadina hrowni Thomson, Pachymagas parki (Hutton), and 
species of Rhizothyris. The uppermost limestone, E, forms the cuesta south- 
east of the main band, D, at the approach to the Weka Pass, and is 
characteri^d by the brachiopods Neotkyris novara (von Ihering) and 
Stethothyris sufflata (Tate). 

Middle Waipara, South of Boby's Creek Fault, — Starting at the western 
end of the district, in the triWary of Boby’s Creek rising near Mount Grey, 
the Weka Pass stone passes up gradually into grey mudstones, the typical 
‘‘grey marls,** which are here apparently 200ft. to 300ft. thick. They 
yielded Verconella costata, Malletia australis, Limopsis aurita, Pecten huttoni, 
and Diplodon zelandica (Gray) ?. Above these the section is not clear, but 
there are sands containing TurriteUa and Malletia. The watershed between 
Boby’s Creek and the Kowhai River is here occupied by a, cuesta of the 
lowest Mount Brown limestone, A, which is a white polyzoan limestone, 
about 50 ft. thick. It yielded Pecten huitoni, fragments of a ribt^d Pecten, 
and Pachymagas clarkei n. sp. The higher Mount Brown limestones were 
not here studied. 

In Mount Brown two bands of reddish-brown limestone may^ be dis- 
tinguished. The lower, B, is not richly fossiliferous, but has yielded 
Anomia trigonopsis and Pecten palmipes. Bed C has not been identified, 
but the upper band, D, forming the summit, is thicker than usual. Fossils 
are scarce near the summit on either side, but in the cliffs overlooking th<^ 
Waipara River, where over 100 ft. of limestone is exposed, there is a very 
persistent band, formed mainly of Magadina h'cwni, near the top. From 
some holes at the base of the cliff I obtained an abundance of Bouchardia 
minima Thomson, besides Magadina hrowni, Pachymagas McKayi n. sp., 
Anomia trigonopsis, Pecten williamsoni Zittel (?), P. zelandiae, and Lima 
colorata. ^ * 

Middle Waipara, North and North-east of Bohy’s Creek Fault, — On the 
northern side of the Boby’s Creek fault, in the north branch of Boby*s Creek, 
the Weka Pass stone passes up gradually into grey mudstones, about 60 ft. 
thick. These are followed by a considerable thickness of soft sandstones, 
separated into upper and lower divisions by a thin bed of mudstone con- 
taining Mopsea sp. and Foraminifera. The upper sands ate cut off by 
the fault. 

The most complete section is that afforded by the banks of the Waipara 
River below the limestone gorge, and partially repeated in the lower part 
of Boby s Creek owing to folding. The section is continued in the higher 
slopes to the east up to the horizon of the main Mount Brown limestone. 


and includes the following beds : — 

Main Mount Brown limestone (D) . . 60 

' Loose yellow-brown sands . . . . . . 80 

Third Mount Brown limestone (C) . . . . . . 30 

Bluish muddy sandstones with concretions, passing down 
into polyzoan shelly beds and a grit at the base . . 200 

Mudstones with thin sandstone intercalations . . 200 

Whitish sandstones with thin mudstone intercalations . . 200 

Glauconitic mudstone . . . . . . . . 25 
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The Weka Pass stone becomes glauconitic at its top^ and passes quite 
gradually into glauconitic mudstones. The succeeding sandstones are in 
beds of 4 ft. to 10 ft., separated by mudstones 6 in. to 2 ft. thick. Some 
of the sandstones contain small rounded pebbles of foraminiferal calcareous 
sandstone, suggesting derivation by erosion from the Weka Pass stone. 
In the higher beds the sandstones are in thinner layers and the mud- 
stones thicker. Fossils are scarce throughout, and so tender as to be very 
difficult of collection. E 2 ntonium zdebori was obtained low down in the 
sandstones. Two shelly beds were noted on the right bank of the river, 
below the grit, both containing Pecten huttoni, the higher being similar to 
the polyzoan beds above the grit. The latter rock contains small pebbles 
of greywacke. It is succeeded by alternations of thin polyzoan limestones 
and bluish sandstones, and the latter beds continue to the base of the third 
Mount Brown limestone (C), and contain poorly defined concretions with 
shells and plant-remains (Plato XX). Just above the polyzoan beds I 
obtained Paphia cuHa and a fine specimen of Pecten heethami var. B Hutt. 

Part of the above sequence is repeated in the lower part of Boby’s Creek, 
north-east? of the fault, and in the banks of the Waipara River above and 
below the junction of Boby’s Creek. The cuesta of the lowest Mount Brown 
limestone (A) on the Ram Paddock is composed of a whitish ])olyzoan 
cal(*,areous sandstone, consisting chiefly of larger cup-shaped and smaller 
Polyzoa, and yielding fairly numerous but poor specimens of Pachymagas 
clarJcei n. sp., with rare pectens and echinoids. The limestone thins out 
rapidly along its strike in both directions, and obviously formed a polyzoan 
reef or shoal in the Oamaruian sea. To the west-south-west it crosses 
the Natural Bridge CVeek, greatly diminished in thickness, just above the 
natural bridge, but does not continue to the east-north-east as far as the 
banks of the Waipara River. It apparently thins out also in the direction 
of its dip (south -south -east), but is presumably represented by the polyzoan 
, beds near the bottom of Boby’s Creek and those above described in the 
Waipara River. 

In the Natural Bridge Creek, and in Boby’s Creek below it, there is some 
gentle folding, so that a continuous section is difficult to trace. The 
polyzoan beds appear to be the lowest horizon exposed, and are succeeded 
by bluish muddy sandstones yielding Anomia trigonopsis, Pecten heetharm, 
Pecten Jmttgvvi, and Nucula sagittaia Sut., the latter species being first 
described from this locality. These are succeeded by current-bedded sands, 
on which a cream-coloured sandstone rests unconformably. 

At the time of my first visit, in 1912, a recent slip had exposed a very 
clear unconformity on the side of the bluff facing the Waipara River at the 
upper corner of the junctipn between Boby’s Creek and the river (fig. 6). 
The rocks below and above the surface of the contact were of similar nature — 
viz., bluish muddy sandstone — but those below were* not so clearly bedded. 
The upper beds contained pebbles and boulders of the same nature, and 
also of grey mudstones and of greywacke, as well as broken shells. This 
section had become obscure at the time of my visit in 1913. A short 
distance up the Waipara River, on the same bank, I observed some shell- 
beds, which must lie above the unconformity, containing casts of CncuUaeay 
ribbed Pectens, a large Dentalium, and many gasteropods. 

The lower part of the “ grey marls ” is exposed on the back of the cuesta 
of Weka Pass stone between the limestone gorge of the Waipara River 
and the saddle north-west of the North Dean. • Here 50 ft. of grey mud- 
stone follows the Weka Pass stone with every appearance of complete 
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conformity. Fossils are fairly plentiful, including corals and Foraminifera, 
but the molluscs are mostly in the condition of casts. They include 
Turritella carlottae Watson and Corhula canaliculata Hutt. The succeeding 
beds are not exposed, but higher up the slope loose sands are seen. 

The Middle and North Dean are composed of a yellow calcareous 
sandstone with naany comminuted shells in certain bands, and frequent 
inclusions of a yellow-brown sandstone, which also forms separate bands. 
This is probably the second Mount Brown limestone (B). The 'main band 
(D) does not here form the crest of the ran^e, but appears in rounded hilb 
about half a mile to the south-east. Between B and D there are sands 
and further yellowish-white calcareous sandstones containing fucoids,” 
barnacles, Polyzoa, and echinoids. 

The third Mount Brown limestone (C) is a yellow calcareous sand- 
stone, about 30 ft. thick, containing in places an abundance of Magadina 
waiparemis. It may be traced from near the South Dean to the cliffs 
opposite the meander in the Waipara River below the gorge, but appears 
to pass into a sandstone before the river is reached. 



Flo. 6. — Unconformity at junction of Boby’s Creek and the Waipara River. 

The Main Mount Brown limestone (D) forms the crest of the cuesta 
on the cliffs near the Waipara River, but higher up the hill, towards the 
Deans, it falls back behind the crest. It is divided into two parts by a 
persistent band of sand, 5 ft. thick, which contains occasional specimens 
of Osfrea, Anomia, and barnacles. The lower part is harder and not so 
rubbly as the upper, and (iontains few fossils but barnacles. The base 
of the Upper part consists of a persistent shell-bed, 2 ft. thick, containing 
Pectem heethami, P. hiirnetti, Lima colorata, Anomia trigonopsis, and casts 
of many other species, including Turritella. The remainder is the usual 
red-brown rubbly impure limestone, containing an abundance of Magadina 
hrowni. The main band is bent into a syncline where it reaches the 
Waipara River (Plate XXI, fig. 1) ; the lower part consists of alternating 
sands and calcareous sandstone, containing Pecten hutton% while the under- 
lying sands contain Placunanomia sp. and Pachymagas not sufficiently well 
preserved for specific identification. 

On the opposite side of the river the Main Mount Brown limestone 
(D) is exposed in a small syncline, truncated by the Boby’s Creek fault. 
It' is of the usual rubbly character, and yielded Pecten hurnetti, Ostrea sp., 
Magadina hrowni, Rhizothyris rJiizoida, and Pachymagas of the parki series. 
Cup-shaped Polyzoa are fairly abundant. 
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^Neha Greek . — In the Weka Creek the contact of the Weka Pass stone 
and “grey marls’’ is well exposed. Speight and Wild (1918) have noted 
that the agreement in dip is absolute, and the contact does not show any 
signs of unconformity, but the Weka Pass stone exhibits on its upper, 
surface a narrow bored zone similar to that on the upper surface of the 
Amuri limestone. “ This is succeeded by 1 ft. of slightly glauconitic sandy 
marl, then by 12 ft. of slightly glauconitic sandstone, passing up into 
sandy marl and becoming more argdlaceous higher up but still preserving 
something of its arenaceous nature.” 

The thickness of the sandy mudstones is difficult to estimate, as the 
creek here runs obliquely to the strike, but is about 70 ft. Near the top 
Anmsium zitteli is fairly common, and there are also casts of other bivalves 
and gasteropods, at least two species of coral, fish-scales, and Foraminifera. 
Such shells as exist are mostly too fragile to collect. The mudstone is 
succeeded by a sandstone, and then there are alternations of sandstone 
and mudstone up to the horizon of the second Mount Brown limestone (B). 

Weka Pass. — In the middle part of the Weka Pass Stream from the 
road-bridge over the stream downwards, and in the railway-cuttings oppo- 
site. there are several isolated exposures of the “ grey marls,” but no 
continuous section. The lowest beds, at the bridge, are typical sandy 
mudstones resting directly on the Weka Pass stone. The actual junction 
cannot be observed, but only about 3 ft. of beds is not exposed, and each 
rock appears to be approacheng the other in composition. From these 
sandy mudstones, which appear to be about 50 ft. thick, I collected casts 
of Verconella, Crassatelites, Loripes, Niicula, and Nuculam. 

Lower down the stream there are two large cliffs of well-bedded soft 
grey sandstone, and similar beds are exposed in the railway-cuttings above. 
The thickness of these sandstones does not probably exceed 200 ft. They 
are again succeeded by a sandy mudstone of unknown thickness, exposed 
at the first bend of the stream above the cliff of the lower Mount Brown 
limestone described below. These . are succeeded by loose sands, passing 
into a grey muddy sandstone, together about 50 ft. thick. 

In the upper part of the Weka Pass Stream only the lower part of the 
“ grey marls ” is exposed, as a typical sandy mudstone near the viaduct. 
From this rock I collected Limopsis aurita Brocchi (?) and Foraminifera, » 
and McKay’s earlier collection included Ampullina miocaenica Suter. A 
selection of the Foraminifera supplied by Mr. F. Chapman was as follows : 
ClavuUna communis d’Orb., BuUmina injlafa Seguenza, Ehrenbergina serreUa 
Reuss, Nodosaria vertehralis Reuss, N. prismaiica Reuss, N. comol^ina d’Orb., 
N. longiscata d’Orb., LinguUna costata d’Orb., Cristellaria vortex d’Orb., 
C . gyroscalprum Stache, Glohigerim triloba Reuss, TruncatuUrut thiara (Stache), 
Anomalina ammonoides (Reuss), Pulinnulina karstmi Reuss, and Rotaiia 
soldanii d’Orb. These indicate, according to Mr. Chapman, that the horizon 
is probably Eocene. 

There are two prominent calcareous horizons in the Moimt Brown beds 
on the south-east side of the Weka Pass, lying about 100 ft. and 800 ft. 
respectively above the Weka Pass stone. The upper horizon (D) forms 
an escarpment on the crest of the ridge, and the lower (B) presents a less 
prominent escarpment as a salient half-way down the slope, but in the angle 
between the Weka Pass Stream and the Weka Creek it forms a separate 
Idwer cuesta in front of the cuesta of the main band (D), and it assumes 
the same physiographic prominence between the Weka Creek and the North^ 
Dean, where, as already noted, it forms the summit of the range. 
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The lower horizon (B) consists, in the railway-cutting 43| miles from 
Christchurch, of upper and lower hard bands, 25 ft. and 20 ft. thick, 
separated by about 35 ft. of sands. Both bands consist of hard btown 
arenaceous limestone, with sandstone intercalatimxs, forming cavernous 
clifis owing to the weathering-out of included fragments of derived sand- 
stone. This phenomenon is well displayed in the cuesta between the 
Weka Creek and the Weka Pass Stream, where the derived fragments 
ofter show clear bedding oblique to that of the enclosing rock. Fossil^ 
are scarce and consist chiefly of sinall cup-shaped Polyzoa and barnacles, 
but Anomia sp. and partied valves of Magadhia were observed. The 
lower bands are exposed on a cliff below the railway-cutting, between it 
and the Weka Pass Stream, where th^f-y are intersected by a small fault 
with downthrow to the north (Plate XXI, fig. 2). The base' of the lime- 
stone on the northern (downthrown) side consists of av lenticular hard 
calcareous conglomerate enclosing specimens of Cucullaea, Struthwlaria 
tuberculata and many other gasteropoda, and numerous barnacle (Balanus) 
fragments. Unfortunately the matrix is too hard to enable satisfactory 
specimens to be collected. The conglomerate rests upon soft grey sand- 
stones, of which the few feet exposed show no bedding, so that the pre- 
sence of an unconformity cannot be definitely asserted, but the presence of 
the derived fragments of sandstone in the overlying limestone makes it 
probable. 

In the Weka Creek the lower limestone (B) flattens out just before 
reaching the creek-banks and is not exposed on the banks. It seems 
probable that it is cut off by a fault with downthrow to the south-east. 

The third Mount Brown limestone (C) does not appear to be developed 
in the lower part of the Weka Pass or in the Weka Creek, but is again 
found not far below the main band (D) on the north-west face of Mount 
Donald, and for some distance to the south-west, where in a col in the 
cuesta it reaches the summit. It forms at the last point about 40 ft. 
of hard calcareous sandstone, in bands of 1ft. to 3 ft, thick separated by 
shelly sands containing Magadina waiparensis, Anomia trigonopsis, and 
Pecten burnetii, A little nearer Mount Donald the bands coalesce to form 
a shelly limestone containing an exceptionally large number of derived 
sandstone inclusions, which weather out and give it a very cavernous 
appearance. - It contains Polyzoa, barnacles, and shelly fragments, including 
Magadina waiparensis and Anomia frigonopsis. On the north-western face 
of Mount Donald the base contains a shell-bed with many coasts of large 
gasteropods. It is here underlain by sands containing concretions. 

The main Mount Brown limestone (D) forms, as already mentioned, 
the crest of the watershed south-east of the Weka Pass. It is divided by 
a persistent bed of sand, which outcrops just below the crest on the Weka 
Pass side; and yielded Pachymagas cottoni n. sp. and Waiparia abnormis. 
This limestone crosses the railway-line in^the cutting 43*mile8 21 chains from 
Christchurch. At the northern end of the cutting there is about 35 ft. of 
sands exposed below the lowest bed of limestone. These sands contain 
occasional shells, including Ancilla pseudaustraUs, Pecten huttoni, and very 
fragile shells of Crepidula sp. Immediately below, the lowest limestone 
bed is a thin bed of broken shells, including Anomia trigonopsis and 
Glycymeris sp. The lowest limestone ^bed is 5 ft. thick. It is succeeded 
imconformably by 25ft. of sands, containing many small derived pieces of 
sandstone, and yielding Anomia trigonopsis. Then follows 3 ft. of lime- 
stone, succeeded by another 25 ft. of sands. These are succeeded by the 
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main mass of the limestone, 25 ft. thick, containing at the top a shelly band 
with Pecten huttoni, P, beethami, P, burnetti, and Lima cdorata. The 
limestone also contains many brachiopods, including species of Rhizothyris 
and Packijmagas, Magadina browni, and TerebratuUna suessi. It is followed 
by 6 ft. of sands, and a further 16 ft. of nodular limestone, which con- 
tains Bouchardia minima, Magadina hrowni, and Pachymagas sp. This is 
followed by 3 ft. of creamy calcareous sandstone, which, as will be seen 
later, is best regarded as forming the base of the next horizon. 

Fossils are abundant in places on the dip-slopes of the main band (D), 
especially near the top of the small valley entering the Weka Pass Stream 
between the 43 m. 21 ch. and 43 m. 3ch. cuttings, and over the saddle 
at the head of this valley down to the first valley trending to the Omihi 
Creek, Here the uppermost rubbly band seen in the railway-cutting is 
well exposed near the foot of the main dip-slope, and yields a rich brachio- 
pod faima, besides Pecten burnetti, P, beethami, Pecten sp. nov., Lima 
colorata, L, jpaucisulcata, L, lima, Ostrea angasi, 0. gudexi Suter (?), Anomia 
huUoni, A.furcata, I sums desori (Ag.), I. hastalis (Ag.), small echinoids and 
fragments of larger species, and numerous cup-shaped • and bottle-shaped 
Polyzoa. The brachiopods identified are TerebratuUna suessi, Bouchardia 
minima, Magadina browni, Rhizothyris scutum n. sp., R. rhizoida, R. elongata 
n. sp., R. curia n. sp., R. crassa n. sp., R. elliptica n. sp., R, fortis n. sp., 
R, obesa n. sp., R. pirum n. sp., R. ovata n. sp., R, amygdala n. sp., Pachy- 
magas bartrumi n. sp., P. speighti n. sp., P. haasti n. sp., P. hectori n. sp., 
P. parhi, P. McKayi n. sp., P. morgani n. sp., and P. coxi n. sp. 

The uppermost Mount Brown limestone (E) forms a prominent cuesta 
behind the dip-slope of the main band, and thence crosses the railway in 
the cutting 43 miles 2-3 chains from Christchurch, and descends into the 
Weka Pass Stream and Weka Creek a few yards above their junctions. 
The succession from the main band upwards may be followed without a 
break in the Weka Pass Stream and the Weka Creek, while parts of the beds 
are exposed on the escarpment of the cuesta to the east. The total thick- 
ness is about 100 ft., , the last 35 ft. being formed by the uppermost lime- 
stone, which in the railway-cutting is a reddish-brown to yellow- arenaceous 
limestone with numerous small pockets containing small pebbles, up to 
Jin. in diameter, of greywackes and jaspers. It contains many polyzoan 
and echinoid fragments. 

Immediately succeeding the main limestone (D) is a creamy calcareous 
sandstone a few feet thick, well exposed just above the foot of the dip-slope 
of the main band, where it yields Stethothyris sufflata and Neothyris anceps 
n. sp. When followed over the first Saddle into the most easterly tributary 
of the Omihi Stream it forms a sharp V down-stream, and on the far side 
is 3 ft. thick and yields Pachymagas andrewi n. sp. It is here followed by 
a hard band 2 ft. thick, in turn succeeded by more soft creamy limestone, 
3 ft. thick, yielding TAma colorata and Pachymagas cottoni n. sp. This is 
again followed by another hard band 1ft. 6 in. thick, and the exposed 
section here ends with soft calcareous sandstone containing Linm colorata 
and Cucullaea alta var. B. The above limestone bands are included with 
the uppermost limestone (E) because of the occurrence in them of Stetho- 
thyris suffiata. 

In the gorge of the Weka Pass Stream the above calcareous sands are 
succeeded by blue muddy sands, about 50 ft. thick, " which contain fossils 
sparingly throughout, and include two shell-beds. The lower 20 ft. contains 
Cucullaea alta var. B. and Lima colorata fairly commonly, and also yielded . 
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Turritella comava, Natica australis^ Ampullina siUuralis, VerconeUa costata^ 
AndUa pse^idaustralis, Surcula fusiformis, Limopsis ziUeli, Pectin mlliam- 
soni, P. huttonif Tellina eugonia^ and Dosinia greyi. The lower shell-beJ 
lies about 30 ft. below the limestone, and is exposed in the Weka Pass 
Stream at and below the suspension bridge, and also in the Weka Creek. 
Tt yielded Magadina hrowniy Neothyris nomra, Rkizothyris curiosa, Grepid\da 
monoxyla^ C. gregaria, C. striata, Polinices gihhosus, Galeodea sulcata, 
Sigapatella novae-zelandiae, Latirus brevirostris, Verconella costata, F. dilatata, 
Toluta arahica, Voluta, sp. cf. protorhysa Tate, Andlla novae-zelandiae, 
Dentalium solidum, Placunanomia incisura, Limopsis zittdi, Pecten crawfordi, 
P. hiftnetti, P, huttoni, Crassatellites attenuatus (fragments), Venericardia 
purpurata, Cytherea sulcata, Proiocardia alata, and Thracia n. g?p. The 
upper, or Hinnites, shell-bed occurs at or near the base of the limestone, and 
is exposed in the railway-cutting, in the Weka Pass Stream and its tributary 
crossing the railway-line above the cutting, and in the Weka Creek. It 
yielded Neothyris mvara, Stethothyris suffiata, Hemithyris nigricans mut., 
Dentalium solidum, Pecten crawfordi, P. hurneUi, Hinnites trailli, Lima 
paucisulcata, Ostrea angasi, Cytherea sulcata, Chione stutchhuryi, Cochlodesma 
angasi, and Proiocardia cdoia. 

The limestone (E) closing the sequence of the Mount Brown beds 
contains a fair number of brachiopods and a few molluscs in the Weka 
Creek, the railway-cutting, and the cuesta leading to the Omihi watershed, 
and yielded the following species from these localities : Crepidula gregaria, 
Galepdea senex, Andlla pseudaustralis, Anomia trigonopsis, Antigona sulcata, 
Pecten hurmiti, P. heethami, P. triphooki Zitt. (?), P. hochstetteri, Lima 
paleata, Terehratulina sp. cf. cancellata J^och, Stethothyris suffiata, Neothyris 
novara, N. iheri'ngi n. sp., Rhizothyris curiosd, R. media n. sp., R. scutum 
n. sp., R, curia n. sp., R, elliplica n. sp., R fortis n. sp., P. ohesa n. sp., 
and Pachymagas hectori n. sp. 

As the limestone cuesta is traced from the Weka Creek past the first 
tributary of the Omihi Creek towards the second it exhibits no longer the 
characteristic brachiopods and becomes more of a hard shell-bed, the sheUs 
being mostly casts at the outcrop. It appears to be continuous j)ast the 
back of Mount Donald towards the Waikare Valley, but has not been 
examined in this direction. 

The summit of Mount Donald forms an outlier of beds resting on the 
main limestone band (D). These appear to be the lower beds of the 
Stethothyris suffiata zone. Park (1905) stated that some mile and a half 
north of the pass, near the highest part of Mount Donald, the beds were 
richly fossiliferous, and gave a list of forty-eight species of cetacea, fish, 
molluscs, brachiopods, cirripedes, and echinoids. I have been unable to 
rediscover this locality. 

Behind the cuesta of the main limestone (D), nmning from the Weka 
Creek towards the Deans, the first cuesta is that of a shelly calcareous 
sandstone containing fine pebbles, which lies about 120 ft. above the main 
band (D). This is presumably the uppermost band (E). It has not been 
recognized in the Waipara end of the district. 

Wanganuian. 

Greta Beds. 

The Greta, or Motunau, beds of the district are a variable series of 
littoral beds, consisting largely of gravels and gravelly shell-beds, oyster-beds, 
coarse sands, and blue Calcareous or sandy mudstones, with rare lignite-seams. 
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. The constituents of the gravels consist predominatingly of the harder 
elements of the pre-Notocene of the North Canterbury mountains— viz., 
greywackes, grits, quartzites, and jaspers; but there are also pebbles 'of 
basalts and lamprophyre-like igneous rocks. No pebbles of the underlying 
Notocene beds l^ve been observed, nor has any clear unconformity with the 
Mount Brown beds been detected, but the faunal break is such that one may 
well he suspected, and it is more than probable that outside the area an 
overlap of these beds on to the pre-Notocene will be discovered. 

. Those bands with a harder cement, mostly calcareous, stand up ^ 
cuestas on the back slopes of Mount Brown, the Deans, and the hills near 
Glenmark, but they are not well exposed in the small creeks draining* these 
slopes, and the best sections are those of the Ifowhai River in its main 
branches, the Waipara River, and the Weka Creek. An intermittent section 
is also yielded by the railway-cuttings between Waipara and the Weka Pass. 

Kowhai River anvd Mount Brown,. — Only a part of the north branch of 
the Kowhai River was explored, and a discontinuous section of the Motunau 
beds observed in the creeks draining from Mount Brown. In a cliff facing 
Mount Brown, the base of which is about 200 ft. above the top of the main 
limestone (D), there is an oyster-conglomerate about 50 ft. thick, yielding 
Ostrea arenicola, succeeded by 60 ft. of hard calcareous conglomerate, and 
resting on sands with a bed of fragile shells. 

In a tributary notching the cuesta of the Mount Brown beds, west of 
Mount Brown, lower beds are exposed. Above the main limestone (D), with 
Magadina browni, there is a gap of about 20 ft. in the succession, and then 
there is a further 10ft. of brown calcareous polyzoan sandstone with much 
quartz, perhaps still in the Mount Brown series. This is followed by 
brownish-green sands and 1 ft. of calcareous sandstone. The succeeding 
beds are 40 ft. sands, 10 ft. fine conglomerate with pebbles of jaspers, grey- 
wackes, and dark porphyritic rocks, 50 ft. brown sands, and 10 ft. fine con- 
glomerate oyster-beds with 8 in. boulders of a white calcareous sandstone 
containing friable fossils at the base, the same horizon being represented 
100 yards down-stream by four separate oyster-beds separated by sands. 
After a gap of 50 ft. some 15 ft, of coarse conglomerate is exposed. The 
oyster-beds yielded Anomia huiton% Ostrea angasiy and 0. nelsoniana. 

On the road from Onepunga to the Kowhai Valley the first beds exposed 
are oyster-beds and hard coarse conglomerates, lying about 200 ft. above the 
main Mount .Brown limestone (D). In the first large cliff in the north 
branch of the Kowhai River below there are fine conglomerates and sands, 
with many oyster-beds. The next prominent bed upwards in the sequence 
is again an oyster-conglomerate with a hard white calcareous cement. 
About a quarter of a mile down-stream the first mudstone is exposed, and 
is a very green rock without fossils. It lies about 300 ft. above the main 
Mount Brown limestone (D). 

The upper part of the Greta beds is exposed in the' lower part of the 
north branch of the Kowhai River and its numerous tributaries. The 
rocks are fine conglonlerates, gravelly shell-beds, oyster-beds, sandstones 
and loose sands, blue mudstones and sandy mudstones, and thin lignite- 
seams. Continuous exposures are not found, and, judging from neighbouring 
cliffs, the conglomerates and sandstones are lenticular and not persistent. 
Fossils are fairly abundant, but are in many cases very fragile. The oysters 
belong to the species Ostrea angasi, O. arenicolaf and 0. corrugata. An 
exhaustive collection of the other species was not made, but the following 
were, noted : Chione meridionsUs, Qari UneokUay Modiolus austraUs, Proto- 
cardia pukheUay and Sigapatella novae-zelandiae. 
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The beds are covered unconformahly by the Kowhai gravels, the 
junction being c^arly seen in a tributary draining from Mount Brown. 
Mr. R. Speight informs me t^at a vey good fossil-locality for the Greta, 
beds has been discovered recently in thrf^north branch of the Kowhai Ri%r. 

The first cuesta behind that of the main Mount Brown limestone (D) 
on the Mount Brown road consists of a fine conglomerate containing sparse 
pebbles of quartz, grey wacke, and jaspers in a white* caleareous cement, 
and lies about 100 ft. above the main limestone. Whether this represents 
the uppermost Mount Brown limestone* (E), or, as seems more probable, 
the base of the Greta series, remains ‘ uncertain. A series of alternating 
sands and shelly gravels capped by a hard coarse conglomerate forms the 
next cuesta, lying at legist 100 ft. above the former. The shells represented 
are chiefly Glycymeris laticostata, Crepidula gregariay and C. monoxyla ; but 
I collected also Antigona zelandica^ Chione stiUcKhuryiy Dentalium solidumy 
Dosinia greyi, D. subrosea, Ostrea nelsoniana, Spisula aequilateralis, and 
Verconella mmidarina, 

Waipara River — For some distance below the outcrop of the main 
Mount Brown limestone no Kotocene beds are exposed on the north bank 
of the Waipara River, and the base of the Greta series does not outcrop 
at this point. The lowest beds seen lie on the south bank, at the bend of 
the river opposite the end of the cuesta running down from Mount Brown 
(but on the opposite side of the Boby’s Creek fault), and consist of sand- 
stones with concretions, followed by mudstone, on which rests 20 ft. of 
fine gravelly and , sandy shell-beds containing Ceritkidea bicarinatay Tellina 
delioidalis, Vercoiwlla dihtatay Venericardia difficilis, and other species too 
fragile to collect. This is followed by soft greenish mudstones yielding 
Ancilla miicromta, Ceritkidea hicarinota, Chione yatei, Cmiinella adspersOy 
C. quoyanOy Crepidula gregaria, Mactra discorsC^), Ostrea angasi, Struthio- 
laria papulosa, and Tellina delioidalis. Above this occur shelly conglome- 
rates 6 ft. thick, containing Ancilla australis , A. pyramidaliSy Barnea similis, 
Sigapatella novae-zelandiae, Ceritkidea hicarinata, Chione chiloensisy C. yalei, 
J schnochiton maorianuSy Cortiinella quoyatiay C. adspersUy Crepidula costatUy 
C. striatay C. monoxylay Diplodon zelandica, Dosinia greyi, Lapparia ccrrru- 
gala (?), Lutraria solida, Mangilia sinclairi. Modiolus australis y Muscvdus 
impactusy Ostrea angasi, Rissoina vanUy Seila, chathamensis var., Verconella 
dilatata, V. mandarinay Terehra tristisy Trochus tiaratus, Tropkon cortimtuSy 
Venerimvdia purpurafa, Vohita arahica, Volutospina huUoni pseudorari- 
spina C). To these about 20 ft. of mudstone succeed, containing fossils 
similar to the lower mudstones ; then a further 10 ft. of sandy and gravelly 
shell-beds (mostly Ostrea and Venericardia with Arumia kultoni), about 
25 ft. of mudstone, another Ostrea and Venericardia shell-bed, 12 ft. of 
muddy sands, 10 ft. of yellow sands, and 10 ft. of gravels, after which the 
section ends. • 

About a quarter of a mile down-stream on the north bank there is an 
exposure of mudstones with fossil wood resting on sandstones and shelly 
conglomerates. The mudstones yielded Arcopagia disculus, Cerithidm 
bicarinatay Chione chiloensisy Crepidula monoxylay Dosinia greyiy D. sub- 
roseUy Modiolus australis , Ostrea angasi, and Telli'na deUoidalis. These are 
succeeded by a muddy sandstone. After a gap in the succession further 
sandstones and shelly conglomerates appear. 

A boulder obtained from the river-bed farther down by . a settler con- 
contained, ingens. The matrix was a pebbly calcareous sandstone, 

quite similar to some of the hard bands of the Greta beds forming small 
cuestas on the slopes towards the Deans. 
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Welca Creek. — The Jowest beds of the Motunau series appearing in 
the Weka Creek are shelly conglomerates, which are followed on the right 
bank by greenish mudstones, 20 ft. thick, crowded with Chione stutchhuryi. 
The ne3ct beds to outcrop are a series of shell-beds yielding Ancilla novae- 
zelandiae, Anomia hvUoni, Barnea tiara Tate, Calyptraea maculata, C. tenuis^ 
Xrari lineolata, Glycymeris laticostata, Mactra duhia, Mytilus canaliculus, Ostrea 
taiei, Spisula aequUaieraUs, Trochus conicus, and Verconella dilatata. 
Farther down-stream, in a high cliff near the rpad, there is a hard oyster- 
bed about 6 ft. thick, from which Ostrea arenicola was identified. 

In the railway-cutting 43 miles 2-3 chains from Christchurch the 
uppermost Mount Brown limestone (E) is followed, apparently quite con- 
formably, by a thin bed of white sand, showing on the south-west (creek) 
side of the cutting, succeeded by about 12 ft. of shelly conglomerate. This 
is followed by a yellow-brown polyzoan calcareous sandstone, greatly 
resembling the underlying limestone (E), of which 12 ft. is exposed. . On 
the north-east side of the cutting, where the section is clearer, the shell- 
bed is divided in two by a mudstone intercalation, and there are loose brown 
sands, making a total of about 36 ft. of beds before the calcarous sandstone 
is reached. Park (1905) interpreted the upper calcareous^ sandstone as 
a portion of the Mount Brown beds, and considered that it was covered 
unconformably by the shell-beds which really underlie it. The constituents 
of the conglomerates are mostly coarse, hard greywackes and jaspers, but 
basalts and rotted lamprophyre-like igneous rocks are represented. The 
majority of the pebbles are 1 in. to 2 in. long, but a few up to Sin. were 
observed, all well rounded. The shells collected were Amphidesma australe, 
Ancilla novae-zelandiae, A. hehera, A. mucronaia, Anomia huttoni, Cerithiella 
n. sp., Chione chiloensis, Crepidula gregaria, DerUalium solidum, Dosinia 
subrosea, D. greyi, Glycymeris globosa, G. laticostata, Ostrea angasi, 0. manu- 
hriata, 0. tatei, Polinices ovatus, Sigapatella novae-zelandiae, and Spisula 
aequilateralis. 

Kowhai Series. 

The Kowhai series consists of tilted terrestrial gravels, resting uncon- 
formably on the Greta series, and containing boulders of all the under- 
lying Notocene beds as Well as the greywackes of which they are mainly 
composed. The beds form the lower hills adjoining the Amberley-Waipara 
Plain, and have a larger development in the Moeraki Downs to the south- 
west of the district, and in the hills between Amberley and the lower gorge 
of the Waipara Kiver. The best exposures are in the Kowhai River, 
but the beds are also seen in the creeks draining from the Deans and in 
the tributaries of the Omihi Creek. 

Kowhai River. — In the high cliffs of the north branch of the Kowhai 
River north-east of Tobin’s Road there are from 100 ft. to 200 ft. of 
brownish gravels dipping at a low angle to the north-east. The gravels 
are poorly sorted and poorly stratified, and consist mainly of greywackes, 
grits, and jaspers from the pre-Notocene rocks, with rare basalts. The 
boulders and pebbles vary from 1 ft. in diameter down to the smallest quartz 
grains, and there is a good deal of clay in the cement. In general shape ^ 
they are angular, but the edges are always rounded. These gravels rest 
on a clay-bed about 18 in. thick, dipping 12® south-east, which has a sharp 
surface towards the gravels above, but passes down quite gradually to a 
series of grey gravels. These consist mostly of pebbles- of the pre-Notocene, 
but contain also pieces of greensand, Amuri limestone, Mount Brown lime- 
stone with Magadina browni, and red and white sandstones. 
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In a tributary draining from Mount Brown unconformable contacts of 
these gravels with the underlying Greta beds are clearly exposed. In 
some cases the lowest bed of the Kowhai series rests on a surface obliquely 
truncating several beds of the Greta series. In other ’cases the surface .of 
contact is with a single bed, but . shows clear evidence of erosion in its 
irregulat contours. 


PART IL— DESCRIPTIVE PALAEONTOLOGY. 

Considerable collections of fossils were made by McKay and other 
membeiN of the Geological Survey, but came chiefly from the Piripauan. 
In 1912 and 1913 I spent several weeks in the district supplementing 
these collections, especially from Tertiary horizons, as a result of which I 
announced in 1913 that “ although a classic locality for the determination 
of the relationships of the Cretaceous and Tertiary beds, the Middle Waipara 
and Weka Pass district is not well suited, owing to its poverty in molluscs, 
to become the standard of reference for the Tertiaries of New Zealand.’’ 

Tlie description of the saurians by Owen, Haast, Hector, Lydekker, 
and Hutton has abeady been mention^ in the account of the exploration 
of the district. The Piripauan Pelecypoda were described in a palaeonto- 
logical bulletin by Woods (1917), while the Gasteropoda were forwarded 
before the war to Professor Wilckens, of Jena, now of Bonn, and their 
description has been delayed. The Tertiary Mollusca were determined by 
Mr. H, Suter, who described the new species in 1917. The fish-remains, 
both Cretaceous and Tertiary, were described by Chapman in 1918. More 
recent collections, in 1915 and 1919, have been determined by Mr. P. 6. 
Morgan. The Foraminifera were also forwarded to IVlr. Chapman, and 
he is pre])aring a palaeontological bulletin on this group. A few of the 
Brachiopoda have been noticed m my earlier papers on this group, and to 
render this account more complete a reference to these is given below, 
together with descriptions of the new species. The echinoids, cirripedes, 
and Polyzoa have not yet been determined, but there is little good material 
in these groups. 


TERTIARY MOLLUSCA. 

An attempt has .been made to use the most recent nomenclature, and 
many of the names employed by Suter have been rejected on account of 
the criticisms by Iredale, Smith, and Hedley. From a geological point of 
view these frequent changes in the names of common species are deplorable, 
but are a sign of the renewed activity in the study of the group. From 
a scientific standpoint there is no justification for neglecting any proposed 
change which bears oil the face of it evidence 'of its correctness, and one 
can only hope that finality will soon be attained. In such a case as the 
species of the Volutidae, where the changes of generic appellation have been 
numerous, and authorities still differ, I have deemed it best to retain the 
original name Volxita, A few notes on individual species are appended. 

Seila chathamensis Sut. var. 

A specimen was obtained from the Greta beds of the Waipara River, 
on which Mr. Suter remarked in 1913, that it was more cylinclfical than 
Recent examples. He added that this was the first record of this species 
fossil. 
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Anomia furcata Sut. 

This finely radially costate Eecent species occurs abundantly in dredge- 
spoils from Wellington Harbour, where it shows considerable variety of 
form and outline. ‘A single specimen was obtained in 1919 from the main 
Mount Brown limestone (D), near the Weka Pass, and can be almost 
exactly matched, both as regards form and ornament, with a Eecent 
specimen. This is the first record of this species iossil. 

Anomia trigonopsis Hutt. 

All the specimens recorded under this name were determined by 
Mr^ Suter in 1913 as A. walteri Hector. On seeing four specimens from 
the White Eock Eiver, in South Canterbury, which I collected in 1917, 
Mr. Suter then expressed his conviction that Anomia walteri was a syno- 
nym of A. trigonopsis Hutt., and that the latter name should be used for 
the Eecent species. 

Ostrea angasi Sow. 

Concerning specimens from the oyster-beds in the tributary of the 
Kowhai Eiver notching the cuesta of the Mmmt Brown beds west of 
Mount Bro^, Mr. Suter remarked that the left valve is strongly ribbed, 
but nevertheless they are not 0. corrugaia Hutt. 

Musculus impactus (Herrman). 

This Eecent species is Modiolaria impacta of the Manual, Mr. Suter 
remarked on a specimen from the Greta beds of the Waipara Eiver that 
it is a much elongated form, but not M, elongata (Hutt.). 

Mactra dubia (Hutt.). 

1873. Corhula dubia Hutt., Cat. Tert. Moll., p. 18. 

1911. Mactra chrydaea Sut., Trans. N.Z. Inst., vol. 43, p. 596. 

1914. Mactra chrydaea Sut., Pal. Bull. N.Z. Geol. Surv. No. 2, p. 49. 
When Suter discovered, on revising the type of Hutton’s Corhula dubia, 
that it corresponded exactly with his own Mactra chrydaea, he rejected the 
earlier name on the ground that it was not figured by Hutton. This is 
against the International Eules, and Hutton’s name ipust stand, unless it 
has been preoccupied under Mactra, which is, of course, quite possible. 

BRACHIOPODA. 

EhynchonellidAe. 

Very few specimens of rhynchonellids have been obtained, and the 
absence of species of this family and of the Terebratulidae, although they 
are so common in correlative rocks in the Trelissick Basin and at Oamaru, 
makes the group, unfortunately, less valuable than it otherwise might be 
for puri) 08 es of correlation. The species represented are as follows : — 

Aetheia gaulteri (Morris). 

Cf. Thomson, Geol. Mag., dec. 6, vol. 2, 1915, p. 389, fig. a, h. 

A few specimens have been obtained from the Weka Pass greensand’ 
from various localities, and are of the broad type described as Terebratella 
sinuata by Hutton. 






Figs. 1, 2 . — Rhizothyrw Jortis n, .sp. 
Fig. 3 . — Rhizothyris elliptica n. sp. 
Fig. 4 . — Rhizothyris amygdala n. sp. 
Fig. 6 . — Rhizothyris pirum n. sp. 
Fig. 6 . — Rhizothyris obesa n. sp. 


Fiq. 7 . — Rhizothyris rhizoida (Hutt.). 
Figs. 8, 9. — Rhizothyris crassa n. sp. 
Fig. 10. — Rhizothyris obesa n. sp. 

Fig. 11 . — Rhizothyris elongata n. sp. 


(All slightly reduced.) 



Filj. 1. — Uhizuihyns curia n. sp. Fig, 6. — Uhizothyrm ovaia ii. sj). 

Fio. 2. — lihiziithyris scutum n. r]). Figs. 7, 8, 9. — l^nchymnyas hartrumi n. sp. 

Fig. ^.^lUiizothyrls media n. sp. Figs. 10, 11, 12, 13. — Fachymagas hectori n. sp. 

Fig. 4. — Rhizoihjris lateralis n, sj). Figs. 14, 15. — Terchratulma ct cancellata Koch. 

Fig. 5. — Jihizothyris curiosa Thomson. 

(All slightly reduced.) 
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TerebratuUna sp. ci ciiiieelbta Koch. (Plate XXIV, 4gs. 14, 16.) 

A single, not very well presemd' specimen ^e uppermost Mount 
Brown limestone^ (E) seeins referable to the Terebrattili^ from its epiith]^ 
beah characters and labiate foramen, while a fine dichotommis atriatiofi 
suggests Terdtrat^ina, l^ese characters are combined only in the 
Australian species Terdtratfdina cancellata Koch, which, however, cm accoui^ 
of its beak characters, will doubtless be ma^e the type of a new genuA 
The specimen under consideration is larger than the average speciinen 
of 7. cancdlatay but does not show the' dorsal biplication characteristicvof 
adults of that species. Its dimensionij are : Length, 38 mm. ; breadth, 
30inin. ; thickness, 21 mm. 

No terebratulids other than the above have been obtained, an<^ the 
absence of is worthy of remark. 

Tbkebratellidae. ; ■ 

Bouchardia minima Thomson. . 

Qeol, Mag,, dec. 6, vol. 6, 1918, pp. 260-61, fig. 1, a, 6, c. 

This species occurs legally in abundance in the main Mount Bro^: 
limestone (D). 

Magadina browni Thomson. # 

Magadina waipareneis Thomson. > 

Trans, N<Z, Inst,, vol. 47, 1916, pp. 399, 400j 462, 403, figs. 7, end, 8, a,b* 

M, watparensis has been fopnd only in the third Mount Brown limef 
stone (C) in the clifis overlooi^g the Waipara Biver, and near JAapib; 
Donald. AT. broy)ni is extraordmarily abimdant in places in the znab 
limestone (D), and can be found in most exposures. It occurs rarely M 
the sandstimes under the uppermC^t limestone (B). It is strahge 
Magadina BhouH be so fibundant in the, Waipara district and be absent 
very raw from the 04nam dbtrict.;; W are^two specimens m 
O^logical Survey eoUeetion from locality 308, (bmarutfornmti<m, damarnj, 
Hector, One is a specimen of M» Imam, and the othmr a new sj^teili 

of ^ T^ Httle mforznatioh, imd niibt ba 

accept^ With cautm ha view of tib abs^ce oi 4mfiar epeoimezn^ b 
ext^b^e (kiflections ma^ t ^ « 
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Oenus Rhizothyris Thomson, 

Trans, N,Z, Inst., vol. 47, 1916, p. 399, figs. 6, a-d, 6, a, h. 

Specimens of Rhizothyris are extremely abundant in the main Moimt 
Brown limestone (D), and less so in the uppermost limestone (E). They 
present a great variety of form, the extremes being so different that it is 
impossible to imagine that they had not been differentiated into separate 
true-breeding races, although there are so many intermediates that it is 
obvious that the evolution either had taken place only a short time 
previously or was still in progress. Similar polymorphism is displayed by 
the specimens from Hutchinson’s Quarry, Oamaru, the Maerewhenua green- 
sands, and the Curiosity Shop. As the forms are nof exactly the same in 
these localities, and as a stratigraphical value may be found to attach itseK 
to certain forms, it is desirable to create species for all the distinctive 
types. To show the interrelationships of these it will be necessary to 
describe here a few shells from the other districts. The bearing of the 
results on correlation is discussed in Part III of this paper. 

The ancestral type from which all the species appear to have developed 
has not yet been found adult, but is represented by the half-grbwn shell 
of R, ciiriosa Thomson. This is shown by the growth-lines to have b^^^n 
a siiborbicular shell with a broad, uncurved hinge-line, and without any 
folding. From it development in outline appears to have proceeded along 
three main lines. 

The first series is characterized by a retention of the broad, uncurved 
hinge-line, but there is an increasing elongation of the shell, combined with 
an increasing narrowing of the front. To this series belong R, curiosa 
Thomson, R, media n. sp., R. scutum n. sp., R, rhizoida Hutt., and 
R, elongata n. sp. 

The second series is also characterized by the retention of a broad, 
little-curved hinge-line, and by increasing elongation, but this is not accom- 
panied by a tapering of the front, and the shells retain an elliptical shape. 
Here belong R. curta n. sp.’ and R. elliptica n. sp. 

The third series is characterized by an increasing narrowing and curva- 
ture of the hinge-line, and elongation is accompanied by a narrowing of 
the front, so that the shape passes from subcircular through broadly ovate, 
ovate, to narrowly ovate. Here belong R, lateralis n. sp., R firum n. sp., 
R, ovaia n. sp., and R, amygdnla n. sp. 

There has alap been development in the amount of folding, and at each 
stage in the development in outline foldmg may take place preventing 
further development of outlme in quite the same manner as would be 
possible to an unfolded shell. The folding is in all cases simple ventral 
uniplication (sulcate or concavi-cqnvex of Buckman). In general the 
effect ’ of folding on outlme is to produce a sudden truncation of the 
front. The folded shells are also generally more convex than the un- 
folded. Where necessary, species have been set up for the reception of 
the strongly folded and convex forms — viz., R, crassa n. sp.j R. obesa n. sp., 
and JS. /or^ts n. sp. 

Mr. S. S. Buckman has also pointed out to me that a further discrimina- 
tion may be made according to the stage of foraminal development. All 
the species are permesothyrid, and almost epithyrid, but in some there has 
bjBen remigration of the foramen with the production of pseudotela. I am 
not yet clear as to the specific value of this criterion, and have not applied 
it in the present analysis. 
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Rhi20thr3ris curiosa Thomson. (Plate XXII, % 3; Plate XXIV, fig. 5.) 

Trans. N.Z. Inst., vol. 47, 1915, p. 399, fig. 6, a, b. 

Three specimens referable to this primitive species have been found in 
the uppermost limestone (E). It occurs also in the Curiosity Shop green- 
sand, the Ngapara limestone, and the Clarendon limestone. 

Rhizothyris media n. sp. (Plate XXII, fig. 4 ; Plate XXIV, fig. 3.) 

Similar^to R. curiosa in shape and size, but slightly more elongate. 
The growth-lines repeat the" outline of R. curiosa at about three-quarters 
the length of the dorsal valve, and the subsequent development is in the 
direction of a narrowing front, making the outline shield-shaped instead of 
suborbicular. The sides curve outwards only very slightly from the broad, 
nearly straight hinge-line. The convexity, folding, and beak characters 
are essentially similar to those of R. curiosa. Length of holotype, 38*5 mm. ; 
breadth, 35 mm. ; thickness, I8mm.‘ 

Type locality : Curiosity Shop, Rakaia River, Canterbury. BesideB 
^the type locality, this species occurs in the' limestone of Fossil Point, 
Ashburton River (Haast coll.). One specimen from t^ie lower shell-bed 
of the Weka Pass Stream and several from the uppermost Mount Brown 
limestone (E) are referable here. 

Rhizothyris scutum n. sp. (Plate XXII, fig. 10; Plate XXIV, fig. 2.) 

Shell in outline resembling a long heraldic shield. The hinge-line is 
nearly the breadth of the shell, and only slightly curved. The growth- 
lines repeat the outline of R. scutum at about three-quarters the length 
of the dorsal valve. The shell is very little folded, and both ''valves are 
rather depressed, as in R. curiosa and R. scutum. Length of holotype, 
43 mm. ; breadth, 34 mm. ; thickness, 19*5 mm. 

Type locality : Greensands, Hutchinson’s Quarry, Oamaru. Besides 
the type locality, this species occurs also in limestone near Clifden, Waiau, 
Southland (G. M. Thomson coll.), in the Curiosity Shop greensands, Rakaia 
River, and in the main Mount Brown limestone (D) and the uppermost 
limestone (E) of the Weka Pass. 

Rhizothyris rhizoida (Hutt.). (Plate XXII, fig. 6 ; Plate XXIII, fig. 7.) 

1905. Bouchardia rhizoida Hutt., Tram. N.Z. Inst., vol. 37, p. 480, 
pi. xlvi, fig. 7. 

1907. Magellania rhizoida Iher., Ann. Mus. Nac. Buenos Aires, 
ser. 3, tom. 7, p. 473. 

1915. Rhizothyris rhizoida Thomson, Trans. N.Z. Inst., vol. 47, 
pp. 397-99, fig. 5, a. 

The holotype, which comes from the Weka Pass, is a shell with worn 
beak, which led Buckman from an examination of the figure to state that 
the foramen was mesothyrid, but it is really permesothyrid. Shells exactly 
matching the holotype in shape are not common, but the species may be 
allowed to include those shells intermediate in elongation between R^ scutum 
and R. dongata whioh are moderately elongate, with a slight^ curved hinge- 
line nearly the breadth of the shell, and a marked taper. These shells are 
moderately to strongly convex, and always show some folding. 

The species is common in the main Mount Brown limestone (D), from 
which the holotype was doubtless derived, but does not appar to extend 
into the uppermost limestone. It is also common at Hutchmson’s Quarry, 
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Rhizothyris elongata n. sp. (Plate XXII, fig. 11 ; Plate XXIIl, fig. 11.) 

1905. Bouchardia elongata Park, Trans, N.Z, Inst,, yol. 37, p. 641 
{nomen nudum, ascribed to Hutton). 

Three specimens only, of extremely' elongate tapering form, have been 
collected — tTwo by McKay frpm Hutchinson's Quarry, and one by myself 
from the dip-slope of the main Mount Brown limestone, Weka Pass. All 
three are imperfect, and I have selected the least-damaged specimen from 
Hutchinson’s Quarry as the holotype. The hinge-line is broad and little 
curved, and is nearly the breadth of •the shell. The sides taper gradually 
to a narrow front. The convexity and folding is moderate in all fihree 
specimens, and the beak little incurved. 

Dimensions in Millimetres. 

Length. Breadth. Tbioknesa. 

Holotype . . ... . . 55 37 27 

Paratype, Hutchinson's Quarry . . 34+ 23*5 10 

Paratype, Weka Pass . . . . 47 30 19+ 

Rhizothyris curte n. sp. (Plate XXII, fig. 5 ; Plate XXIV, fig. 1.) 

Shell broadly elliptical, with a broad, little-curved hinge-line almost as 
broad as the shell; sides gently convex and regularly rounded, meeting 
the nearly straight front in obtuse angles. Valves moderately and nearly 
equally convex ; anterior commissure nearly straight, with only a very 
sUght, broad, rounded ventral sinuation. Length of holotype, 37 mm. ; 
breadth, 33 mm.; thickness, 20 mm. 

Type locality : Foot of dip-slope, main Mount Brown limestone, Weka 
Pass. The species occurs rarely in the type locality and in the uppermost 
Mount Brown limestone, and one specimen has been obtained from the 
concretionary bed, Deborah Cutting, Oamaru. It also occurs in a dwarfed 
form, up to 26 mm. long, in the Maerewhenua greensands. 


Rhizothyris crassa n. sp. (Plate XXIII, figs. 8, 9v) 

Shell in outline resembling R, curta, Valves strongly convex, anterior 
commissure with a broad, fairly deqp, ventral sinuation. Beak erect. 
Length of holotype, 41mm. ; breadth, 37*5 mm. ; thickness, 27 mm. 

Type locality : Foot of dip-slope, main Mount Brown limestone, Weka 
Pass. The species in conamon in ‘the type locality. 


Rhizothyris elliptica n. sp. (Plate XXII, fig. I ; Plate XXIII, fig. 3.) 

1915. Rhizothyris rhizoida (Hutt.) Thomson, Trans, N,Z. Inst,, 
vol. 47, pf. 398, fig. 6, d (not of Hutton). 

Shell elongate-elliptical, hinge-line broad and little curved, sides lightly 
convex and regularly rounded, front roilnded. Valves moderately convex, 
anterior commissure with a slight rounded ventral sinuation. Length of 
holotype, 47 mm. ; breadth, 36 mm. ; thickness, 22 mm. 

Type locality : Foot of dip-slope, main Mount Brown limestone, Weka 
Pass. The species is rare both in the type locality and in the uppermost 
‘Mount Brown limestone, and is also foimd in the Hutchinson’s Quarry 
greensands. Dwarfed forms from 25 mm. to 32 mm. in length are common 
in the Maerewhenua gfeensapds. , 



THOHSON.-^cb/o^y o/ MidMe Waipara a/nd Weha FaBS tH^trict, 373 

, ■ » ' / 

Rhijffotliyris fortis n. sp. (Plate XXIII, figs. 1, 2.) 

^hell elongate-elliptical, Hinge-line fairly broad and little curved, sides 
lightly convex, ^rounded, front narrowly truncate and nearly straigj^t. 
Valves strongly convex, anterior commissure with a broad ventral sinu- 
ation. Beak nearly erect. Length of holotype, 60 mm. ; breadth, 44*5 mm, ; 
thickness, 36 mm. 

Type locality : JFoot of dip-slope, main Mount Brown limestone, Weka 
Pass. Two specimens only referable to this species have been found in 
the type locality, and two in the uppermost Moimt Brown limestone, 

Rhizothyris obesa n. sp. (Plate XXIII, figs. 6, 10.) 

The outline resembles that of R. scutum, but the hinge-line is slightly 
more curved, and there is a greater approach to an elliptical shape. The 
valves are markedly convex, a character which difierentiatea the species 
from both jR. scutum and R. elliptica, and the shell is also more folded and 
the beak more incurved than in these species. Apparently corresponding 
to, the incurvature of the beak, the foramen is slightly remigrant with 
an indication of pseudotela. Length of holotype, 48*6 mm. ; breadth, 
39 mm.; thickness, 28*5 mm. 

Type locality : Foot of dip-slope, main Moimt Brown limestone (D), 
Weka Pass. A single specimen was obtained from the, uppermost Mount 
Brown beds, in the Neothyris shell- bed of Weka Pass Stream. 

Rhizothyris lateralis n. sp. (Plate XXII, fig. 8; Plate XXIV, fig. 4.) 

Shell subcircular, hinge-line broad but slightly curved, sides convex 
and rounded, beak-margins nearly straight, front rounded. Valves 
moderately convex ; there is a broad rounded sinuation in the anterior 
commissure. Length of holotype, 38 mm. ; breadth, 37 mm. ; thickness, 
20 mm. 

Type locality : Mount Brown beds, Weka Pass. It is imcertain whether 
tlie specimen came from the main limestone or the uppermost limestone. 
No examples are known from other localities. 

Rhizothyris pirum n. sp. (Plate XXII, fig. 9; Plate XXIII, fig, 5.) 

Shell broadly ovate or pear-shaped, with a moderately broad and curved 
hinge-line, sides convex and rounded, front truncated and gently rounded. 
Valves moderately convex, anterior sinuation slight. Length of holot}’pe, 
34 mm.; breadth, 28 mm.; thickness, 18mm. 

Type locality : Foot of dip-slope, main Mount Brown limestone, Weka 
Pass. There is only one other specimen referable to the species, from 
the escarpment of the same beds, overlooking the Weka Pass. 

Rhizothyris ovata n. sp. (Plate XXII, fig. 7 ; Plate XXIV, fig. 6.) 

Shell ovate, with a moderately broad, curved hinge-line, sides lightly 
convex and rounded, front truncate and gently rounded. The valves are 
moderately convex, anterior sinuation slight. Length of holotype, 36 mm. ; 
breadth, ^mm. ; thickness, 18 mm. ' 

Type locality : Foot of dip-slope, main Mount Brown limestone, Weka 
Pass. The species is also known from the greensands of Target Gully 
and Hutchinson’s Quarry, Oamaru, and by a single specimen from the 
Maerewhenua greensands. The majority of the specimens from the latter 
locality belong to a similar ovate species, but with a shorter beak. 
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Rhizothyris amygdkla n. sp. (Plate XXll, fig. 2 ; Plate XXIII, fig. 4.) 

Shell narrowly ovate or almond-shaped, beak rather short, hinge-line 
short and curved, sides convex and rounded, front narrowly truncated 
and gently rounded. Valves moderately convex, sinuation of the anterior 
margin broad and shallow. Length of holotype, 29*5 mm. ; breadth, 21 mm. ; 
thickness, 14 mm. 

Type locality.: Greensands of Hutchinson’s Quarry, Oamaru. No 
other specimens than the holotype are known. Two anteriorly imperfect 
specimens from the main Mount Brown limestone agree closely in shape, 
except that the beak is longer. 

Genus Pach 3 rmagas Iher. 

As in the case of Rhizothyris, specimens of Pachymagas are abundant 
in the main Mount Brown limestone (D), and they present an even greater 
variety of character^. Similar series occur in the Hutchinsonian green- 
sands of Hutchinson’s Quarry, Deborah, Kakanui, and other localities 
near Oamaru, while there is a different but even more varied assemblage 
in the Curiosity Shop greensands. The complexity of the problem, 
combined with the large amount of material, has delayed the com- 
pletion of my memoir on the Tertiary Brachiopods of New Zealand ; 
in the present paper I have restricted myself to the description of the 
majority of the species that can be recognized in the Waipara area, leaving 
a few till more satisfactory material can be obtained. 

Among the already-described species in the Oamaruian three series may 
be recognized. The first includes P. farki (Hutt.), P. marshalli (Andrew), 
and P. trelissickensis Thomson, and probably also the Patagonian forms 
P. tehuelcha Iher. ^ (the genotype) and P. giganteq Ortmann, and the 
Antarctic form P. antarctica Buckman. The shells are large, with a 
prominent mesothyrid foramen and beaks which are suberect to erect and 
not markedly carinate. The second series includes P. triangularis (Hutt.), 
P. hultoni Thomson, ,and the Patagonian form P. venter Iher. The shells 
are also large, with large mesothyrid foramens, with erect to incurved beaks 
which are carinate, and with flattened and broadly sinuated dorsal valves. 
The third series, perhaps generically distinct, includes P. ellipticus Thomson, 
a smaller shell with a small foramen which is submesothyrid, almost 
mesothyrid.* The majority of the specimdhs from the district belong to 
the P. parki series, wfiile there is a fourth series represented by a new 
species, P. andrewi, with a large shell and a small foramen. 

In Neothyris, which is a descendant of Pachymagas, the tendency is to 
increasing convexity, a restriction of the foramen, and the production and 
incurving of the beak with old age, so that one may conclude that in 
Pachymagas also the evolutionary process is from depressed to convex, 
from large to small foramen, and from suberect to erect and produced 
beak. Other characters which may be treated pn evolutionary lines are 
the shape, the folding, and the cardinalia. The last, unfortunately, are 
rarely available in specimens from the district, owing to the hardness of 
the matrix. 

Pachymagas parki Series. 

The species may be arranged according to shape in a series from sub- 
. orbicular to narrowly ovate, but do not all form a strictly phylogenetic 
series, owing to variations in the amount of folding. 


♦ Of, p. 380. 
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Pacbymagas marshalli (Andrew). (Fig. 7.) 

1906. Magdlania marshalli Andrew, Trans, N,Z. Inst., vol. 38, 
p. 456, pi. iv, fig. 3, o, b. 

The holotype is a poorly preserved, crushed, and somewhat distorted 
specimen, from which one may nevertheless conclude that it was originally 
a nearly suborbicular shell with short 
beak, broad, slightly curved hinge-line, 
founded convex sides, and probably 
a rounded front. The convexity is 
slight, and the folding apparently 
almost negligible, but in the direction 
of incipient ventral uniplication. The 
beak is erect, little produced above 
the hingerline, and possesses a mode- 
rate mesothyrid foramen with well- 
marked beak-ridgcs. Length of holo- 
type, 49 mm. ; breadth, 48mm. 

The dorsal valve was partially 
ground down by Dr. Andrew to ex- 
pose the septum. The holotype is in 
the Otago Museum. 

Type locality: Clarendon limestone, ThQ.l.—Pachymagas marshalli. Holotype. 
Milburn Quarry, Otago. No speci- Natural size, 

mens are known from the Waipara 
district. 

Smaller shells, up to 35 mm. in length, which agree closely in shape, 
occur in the Mount Somers limestone, and the greensands of Curiosity 
Shop, Kakanui, All .Day Bay, and Three Roads. 

Pachymagas cottoni n. sp. (Fig. 8.) 

1908. Magellania sinuata Thomson, Trans. N,Z. Inst., vol. 40, p. 101, 
pi. xiv, fig. 3 (not of Hutton). 

Shell broadly elliptical, with a beak of moderate length, a broad, slightly 
curved hinge-line, nearly straight sides, and a rounded front. Convexity 


Fig. 8 . — Pachymagas coUoni. Holotype. Natural size. 

moderate, unterior commissure with a broad shallow ventralJ[sinuation, 
flattened along the bottom. Beak erect, foramen moderate, mesothyrid, 
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attrite ; the beak-ridges are sharp. Lengli of holotype, 48 mm, ; breadth, 
43 mm. ; thickness, 23 mm. The species differs from P. marshMi only in 
slightly greater elongation. 

Type locality : Sands below main Mount Brown limestone (D), cuesta 
overlooking the Weka Pass. 

Smaller specimens referable to this species occur in the second creamy 
calcareous sandstone overlying the main Mount Brown limestone, in the 
Weka Pass stone at Onepunga, in the Oamaru' district in the greensand^ 
of Landon Creek, Three Eoads, Kakanui, All Day Bay, and Hutchinson’s 
Quarry, and in the Caversham sandstone (A. McKay, l©c. 309). 

Pachymagas bartrumi n. sp. (Plate XXIV, figs. 7~9.) 

Shell elongate, beak fairly short, obtuse, hinge-line nearly as broad as 
.the shell, little curved, sides very gently convex, front slightly narrowed, 
rounded. Valves moderately convex, ventral valve bluntly carinate 
longitudinally, anterior commissure with a broad, shallow, flat-bottomed 
ventral sinuation. Beak nearly erect, foramen large, mesothyrid, attrite. 
Length of holotype, 48 mm. ; breadth, 38 mm. ; thickness, 25 mm. 

This species represents a further stage, and, so far as is known, the 
extreme stage, of elongation of the series P. marshalli, P. cottoni, but has 
an even broader hinge-line relative to the breadth of the shell. 

Type locality : Foot of dip-slope, main Mount Brown limestone, Weka 
Pass^ The species is rare in the type locality, and is not known elsewhere. 

Pachymagas speighti n. sp. (Plate XXV, figs. 12-14.) 

Shell shield-shaped, with a rather short obtuse beak and a broad nearly 
straight hinge-line, whence the sides at first curve gently outwards to the 
middle of the shell and then taper qmckly to a narrow produced front. 
Dorsal valve rather flat, reflected anteriorly, ventral valve moderately 
convex, bluntly carinate longitudinally, anterior commissure with a narrow, 
fairly deep, flat-bottomed sinuation. Beak nearly erect, little produced 
beyond the hinge-line, foramen moderately large, mesothyrid, attrite. Length 
of holotype, 41 mm. ; breadth, 37 mm. ; thickness, 21 mm. 

This species, which agrees with the above three in the possession of a 
broad, straight hinge-line, differs from them in the narrowing of the front 
and the more pronounced folding. All the succeeding species possess 
narrower, and in general more curved, hinge-lines. 

Type locality : Foot of dip-slope, main Mount Brown limestone. The* 
species is rare in the type locality. A well-preserved cast, collected by 
Professor Park from the Deborah limestone, agrees closely in outline, but 
evidently belonged to a more convex shell. 

Pachymagas clarkei n. sp. (Plate XXVI, figs- 3-6.) 

Shell broadly elliptical, with a short, obtuse beak, a hinge-line of 
moderate breadth but nearly straight, gently curving sides and a slightly 
produced front. Dorsal valve flattened, and sharply bent anteriorly to 
fit the notch" in the moderately convex, bluntly carinate ventral valve, 
anterior commissure with a deep flat-^ttomed ^ sinuation of moderate 
breadth. Beak' erect, little produced beyond the dorsoil valve, with a large 
mesothyrid, attrite foramen. Cardinal process short, narrow, sharp, little 
more than half the height of the hinge-trough. The species •is shorter 
and broader than P. parfci,; b\it otherwise resembles it in shitpe, convexity, 
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folding, and beak characters. It has, however, a much lei^ advanced 
cardinal process. Length of holotype, 35 mm. ; breadth, 31 mm. ; thick- 
ness, 18*5 mm. 

Type locality : liOwer Mount Brown limestone (A), cuesta near Onepunga, 
where it is the commonest species. 

Pach3rniagas haasti n. sp. (Plate XXV, figs. 4“7.) 

Shell elliptical, beak short, obtuse, hinge-line rather narrow, slighfly 
curved, sides moderately convex, front slightly produced and gently rounded. 
Valves moderately convex, the ventpl with a broad rounded longitudinal 
fold flattened anteriorly, anterior commissure with a moderately broad, 
shallow, flat-bottomed, ventral sinuation. Beak nearly erect, little pro- 
duced beyond the hinge-line, foramen moderately large, mesothyrid, attrite. 
Cardinal process not more than one-third the length of the hinge-line, 
considerably less in height than the socket-ridges, rounded on the upper 
front surface, Length of holotype, 37*5 mm. ; breadth, 30 mm. ; thick- 
ness, 20 mm. 

This species resembles the elliptical forms of P. parki in shape and 
elongation and in beak characters, but is less strongly folded and possesses 
a less advanced cardinal process. It may be regarded ancestral to 
P. parki. 

Type locality : Greensands, Deborah, near Oamaru. The species is 
common in most of the Hutchinsonian localities near Oamaru — viz., DeviPs 
Bridge, All Day Bay, Three Roads — but is rare in Hutchinson’s Quarry. 
Tt alio occurs in the Clarendon limestone, the Ngapara limestone, and the 
Maerewhenua limestone. It is rare in the main Mount Brown limestone. 

Pachymagas hectori n. sp. (Plate XXIV, figs. 10-13.) 

Shell broadly ovate, beak fairly short, hinge-line rather narrow and 
curved, sides regularly rounded, front slightly produced, rounded. Valves 
moderately convex, ventral valve with a broad roimded fold, flattened 
anteriorly, dorsal valve with a broad, shallow, anterior sinus, anterior 
commissure with a broad, shallow, flat-bottomed anterior sinuation. Beak 
suberect, nearly erect, not produced far beyond the hinge-line, foramen 
fairly large, mesothyrid, attrite. Cardinal process short, low, comparable to 
that of P. haasti. Length of holotype, 39 mm. ; breadth, 33 mm. ; thickness, 
21*5 mm. 

This species differs from P. haasti in the ovate outline, and from 
P. parki in the less advanced folding and cardinal process. 

Type locality : Greensands of Landon Creek, near Oamaru. The 
species is common in most of the Hutchinsonian localities near Oamaru— 
e.g. Rifle Butts, Three Roads, Kakanui, All Day Bay, and Deborah — but 
is rare at Hutchinson’s Quarry. It also occurs in the Ngapara limestone, 
and one specimen is known from the Maerewhenua greensands (loc. 179, 
A. McKay). It occurs fairly pommonly in the main Mount Brown lime- 
stone, while a single specimen has been obtained from the uppermost Mount 
BrowQ limestone. 

There is a further species from the njain limestone which differs from 
P. hectori chiefly in being narrowly and not broadly ovate. Unfortunately 
none of the dozen specimens which I , have collected are sufficiently wefi 
preserved to serve as a type. 
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Fachjmagas parki (Hutt.). (Fig. 9; Plate XXV, figs. 8-11.) 

1905. Magdlawia parki Hutt., Trcms, N,Z. Inst., vol. 37, p. 476, 
pi. jdv, fig. 4. 

1915. Pachyrnagas parWi Thomson, Trans. N.Z. Inst., vol. 47, 
^ pp. 394r-95, fig. 2, 5 (but not fig. 2, a). 

The holotype (fig. 9) is a distinctly ovate form, but the majority of 
specimens from the type locality have a similar broad but less curved 
hinge-line, and the sides are less convex. The front is produced as a 
narrow tongue. The beak is short and obtuse. The valves are moderately 
convex, the yentral with a longitudinal fold which is roimded and obscurely 
limited posteriorly, but anteriorly is more pronounced, flattened on top 
and sharply limited laterally ; the dorsal valve is sulcate anteriorly and 
sharply reflected to fit into the notch in the ventral valve ; the anterior 
commissure shows a fairly narrow, deep, flat-bot^med sinuation. A 
single specimen is known in which incipient ventral biplication is shown, 
the anterior commissure presenting the form of a W with rounded angles. 
The beak is erect, not produced much beyond the hinge-line, with a 
moderately large, me8oth)rrid, attrite foramen. 




Fig. 9. — Pachyrnagas parki (Hutt.). Holotypo. Natural size. 

The cardinalia were described and figured by me in 1915. Attention 
may be drawn to the prominent cardinal process, which is about half the 
length of the hinge-trough, higher than the socket-ridges, and somewhat 
swollen in front. Length of holotype, 37 mm. ; breadth, 29 mm. ; thick- 
ness, 17 mm. 

Ty^ locality : Greensands, Hutchinson’s Quarry, Oamaru. Restricted 
as above to strongly folded forms, t^e species is known only from the type 
locality (where it is common), the tuffs of Whitewater Creek, Trelissick 
Basin (a single specimen collected by McKay), and the main Moimt Brown 
limestone (where it is not very common). Tw» closely related species 
have been differentiated — viz., P. McKayi and P. morgani. 

Pachyrnagas McKa3ni* n. sp. (Plate XXVII, figs. 1-3.) 

Shell ovate, beak fairly long, hinge-line moderately broad, strongly 
curved,, sides convex 'and regularly rounded, front somewhat produced. 
Valves strongly convex, especially the ventral ; folding similar to P. parki, 

, ♦ Named after the late Mr. A. McKay. The International Rules demand that, for a 

genitive, to the exact and complete name' of a male an i ” should be added. The New 
Zealand Geological Survey, following Hutton, have generally adopted the permissible 
practice of commencing such names with a small initial letter, but this case shows the 
disadvantage of this procedure. 
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but hardly so pronounced. Beak produced well beyond the hinge-line, 
erect, foramen large, mesothyrid, attrite. Length of holotype, 44 mm. ; 
breadth, 34 mm. thickness, 25*5 mm. 

This species, though somewhat less folded than P. parki, is more conveik, 
and has a more prominent beak both as regards length and production* 
dorsally of the hinge-line. 

Type locality : Foot of dip-slope, main Mount Brown limestone, Weka 
Pass. The species is common in this limestone, and is imknown elsewhere. 

Imperfect specimens, believed to belong to this species, from the main 
limestone between Mount Brown and the road, have a cardinal process 
more prominent even than that of P. parhi and comparable to that of 
Neothyris ovalis. 

Pach 3 rmagas morgani n. sp. (Plate XXVII, figs. 4-6.) 

Shell broadly ovate, beak moderately short, hinge-line narrow, not much 
curved, sides convex and rounded, tapering , to a rather narrow produced 
front. Valves moderately convex, the dorsal with a narrow, shallow, 
median sulcus from about the middle, ventral with a broad rounded 
longitudinal fold and flattened sides, anterior commissure sloping on each 
side to a moderately deep, rather narrow, flat-bottomed sinuation. Beak 
suberect, not much produced dorsally of the ventral valve, foramen fairly 
large, mesothyrid, attrite. Length of holotype, 47 mm. ; breadth, 41 mm. ; 
thiclmess, 24 mm. 

This species is less strongly folded than P. parkin and has a narrower 
hinge-line and more convex sides. It differs from P. hectori in its narrower 
and more produced front, due to narrower folding. The cardinalia are 
unknown. 

Type locality : Foot of dip-slope, main Mo.unt Brown limestone, Weka 
Pass, where it is moderately abundant. It is unknown outside the Waipara 
district. 

Pachymagas coxi n. sp. (Plate XXVI, figs. 10-12.) 

Shell roundly ovate, beak of moderate length, hinge-line moderately 
broad and curved, sides convex and regularly rounded, front rounded. 
Valves moderately convex, anterior commissure with a broad, shallow, flat- 
bottomed sinuation. Beak suberect, hardly produced dorsally of the hinge - 
line, foramen large relatively to the size of the shell, mesothyrid, attrite. 
Interior unknown. Length of holotype, 33 mm.; breadth, 29*6 nun. ; 
thickness, 17 mm. 

This species, though smaller, agrees nearly in proportions of length 
and breadth with P. morgani, but has a more roimded front and broader 
folding. In these characters it agrees more nearly with P. hectori, but is 
broader, attains its greatest breadth nearer to the hinge-line, and is less 
convex. * 

Type locality : Foot of dip-slope, main Moimt Brown limestone, Weka 
Pass. The species is fairly rare in the Mount Brown bmestone, and has 
not been identified outside the district. 

Pachymagas huUoni Series. 

Pachymagas huttoni Thomson. (Plate XXVI, figs. 7-9.) 

Trans, N.Z, Inst., vol. 47, 1915, pp. 395, 403, fig. 2, c. 

This species has already been described, but the holotype has not been 
figured, an omission I now rectify. 






A single specimen from the JVeka Pass stone at Onepuhgi, tiiough <miy 
22 mm. in length, agrees closely in all external chaaraoters 'with theiolotj^, 
and, moreover, possesses the same fine texture of shell and*the pale purpusb- 
brown colour which seems to be characteristic of this species. In the orginal 
description the shell was described as suborbicular, but it ie slightly more 
elongate than this^ and perhaps more correctly described as broadly ovaite. 

jr. hiUtpni occurs commoidy in the Waitaki limestone at IJaerewhenua 
and Ngapara, and is also known from the greensands at the base of the 
Maerewhenua limestone and the greensands overlying the Wharekuri lime- 
sfcone. ' : ^ 

Pachymagas and/rewi Series. 

Pachymagas andrewi n. sp. (Plate XXVI, figs, i; 2.) 

Shell broadly ovate, beak short, acute, hinge-line ntoow, acute, sides 
convex and rounded, front slightly produced, rounded. Valves moderately 
convex, ventral valve with a broad rounded fold and slightly flattened 
sides, dorsal valve reflected anteriorly, anterior commissure with a broad, 
fairly deep ventral sinuation, not completely flattened along the bottom. 
Beak erect, slightly produced dorsally of the hinge-line,^ foramen small, 
mesothyrid, attrite. Cardinal process large and swollen, comparable to 
that of Neothyris ovaUs, Length of holotype, 46 mm. ; breadth, 44 mm. ; 
thickness, 21 mm. (estimated). The ventral valve of the holotype is damaged, 
but the folding of this valve is well shown on a paratype. 

This species differs from all the preceding in the smallness of the fora- 
men. It may conceivably belong to Neothyris and not Pachymagas, It 
differs from P. huttoni in the absence of the carination of the beak. In its 
small foramen it agrees with TerebrateUa lahillei Ihering, a species com- 
pared by its author with Pachymagas venter, and perhaps a' member of 
that series, but it is more elongate and broadly oval instead of suborbicular. 

Type locality : Creamy calcareous sandstone immediately succeeding 
the main Mount Brown limestone, foot of dip-slope of the latter, Weka Pass. 
The species ;is rare in the t 3 rpe locality, and not recognized elsewhere. 


Genus Waiparia n. gen. 

Genotype, Pachymagas ahnormis Thomson. 

A genus of the Tcrebratellidae with a septum showing the remains of 
transverse bands, and therefore presumably with a loop of the Terebratelli- 
form pattern, lustrum subapicate, foramen submesothyxid, having just 
left the hypothyrid position, deltidial plates conjunct — united between 
the foramen and the dorsal umbo. In these characters the genus differs 
from Pdohymagas and Terebratella, in which the rostrum is truncate and 
the foramen ^mesothyrid. Cardmalia similar to those of young specimens 
and primitive species of Pachymagas, With strong socket-rid^ but a slender 
septum, a hinge-trough with flatly inclined walls and a small cardinal process 
confined to the umbo. The bifurcations o( the septum forming the anterior 
walls of the hinge-trough overhang slightly outwards, and are thus, more 
excavate than is usual in Pachymagas, but much less so than the hinge- 
plates of TerebrateUa. The teeth of the ventral valve rise from swollen 
bases as in Pachymagas. ^ 

This genus may be considered as springing from the same stock as Pachy- 
magas, but lagging behind in foraminal evolution. It possibly gave rise 
directly to Pachymagas of the type of P. eUipticus, which possesses a fora- 
men which is subn^esothyrid but almost mesotbrjid. 
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Waipiwia abnoriBis (T^ (Plate XXYI, figs. 16-18.) 

1917. Pac^moj^ i^momis TSiemson, Tram. N.1Z. ^oL 49» 
p. 412, ■ ' , • ,: ;:r' 

This, species, ■Vi^ieh I i^oribed in 1916, is characterised by its hrdi^ 
hinge-line and foim only slightly more elongate than subotbiculat. 

Type locality ; Sands interbedded with main Mount Brown limestone, 
cuesta overloolmg the Weka Pass. It is also ioiind in the top layers oi 
the same limestone at the loot of .the dipHslope, attaining here , a length Of 
32 mm. mth a breadth of 31mm, It al^ ocours at Whatatutu (E. de G. 
Clarke coll.), and in the A^amoan mudstones of All Day Bay. 


Waiparia intermedia n. sp. (Plate XXVI, figs. 13-16.) 

Shell broadly ovate, beak of moderate length, acute, hinge-line mode-/ 
rately broad, soniewhat curved, sides convex and regularly rounded, front 
slightly produced. Valves moderately convex, the ventral longitudinally 
carinate, the caijina flattened anteriorly, dorsal valve anteriorly reflected 
and with a slight anterior sulcus. Be^ erect, slightly product dorsally 
of the hinge-line, foramen moderately large, submesothyrid, deltidial plates 
conjunct. Length of holotype, 31*6 mm. ; breadth, 28*5 mm. ; thickness, 
16 mm. 

This species is more elongate than the former, the two being about 
equally folded. ^ 

Type locality; Foot of dip-slope, main Mount Brown limestone, Weka 
Pass. The species is fairly common in this locality, some of the shells being 
rather more convex and mote strongly fplded than the holotype. It also 
occurs in flattened specimens in the Awamoan mudstones of All Day Bay, 
the Waikouaiti sandstone, and the Wharekuri greensand (McKay). There 
are forms still more elongate found in the greensand and mi^tones of 
All Day Bay, and in mudstones at the junction of the Brown River with 
the Aorere River, Nelson. For these .a further species must be set Up. 


Genus Neothyris DouviM. 

Neothyris campbellica (Filhol). 

1885; WaMheimia campheUica Filhol, Mission de Vtsle Campbdly 
pp, 173-74, fig. 7, Nob. 1, 2. 

This species was distinguished by its author from N. lenticularis on 
account of its narrower shell and more detached beak. The shell is oval 
with a strpngly curved hinge-line, the beak passing into the sides without 
an angle, beak is considerably produced dorsally of the hinge-line, 

but is erect and not incurved towards the dorsal valS^. 

As thus defined from topotypes, the species is common in the 
Wangauuian. There is one specimen from the uppermost Mount Brown 
limestone which must her referred here. 


Neothyris ovalis (Hutt.). 

1873. WaMhefima lenticularis Hutt., Cat, Tert, Mdl, Ech,, p. 36 
(not of Deshayes). 

1886. WaMheimia ovcdis Hutt., Trans, N,Z, Inst,, vol. 18, p. 336. 

1905. Mageliania lenticularis ovaUs Hutt., Tram, N,!Z, Inst., voi. 37> 
p. 476, pi. xlv, fig. 2. 

1915. Neothyris ovalis ThoiUsoi^, Trans. N.Z, Inst, vol. 47, p. 398^ 
fig. 2, d, e. f 
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’ This species was distinguished by its author from N. lenticularis for 
much the same reason as in the case of N, ccmpbellica — viz., the narrower 
shell — ‘but it may be distinguished from the latter by its broader and less 
curved hinge-line, the sides making an obtuse angle with the beak. The 
beak is less produced dorsally of the hinge-line and is erect, with, a foramen 
rather larger than that of N, campbdlica and N. lenticvlaris. 

As thus defined the species is common in the Wanganuian, and there 
are several specimens from the uppermost Mount Brown limestone which, 
may be referred here. 

Neothyris novara Iher. 

' 1864. Waldheimia lenticularis Suess, Reise der “ Novara,'' Geol. 

Th., bd, 1, abth. 2, p. 56, taf. x, figs. 3a, 4a, 46 (not of 
Deshayes). 

1903. Magellania novara Iher., Ann. Mus. Nac. Buenos Aires, 
ser. 3a, t. 2, p. 326. 

1905, Magellania novara Hutton, Trans. N.Z. Inst., vol. 37, p. 475, 
pi. xlv, fig. 3. 

1907. Magellania Ameghinoi Iher., Anyi. Mus. Nac. Buenos Aires, 
ser. 3a, t. 7, p. 472 (not of Ihering, 1903). 

As Ihering appears to have had before him at the time of naming this 
only the description and figures of Suess, the specimens treated by Suess 
must be regarded as the syntyi)es. Of these I select the specimen from 
Motupipi (fig. 4a, 46) as the lectotype. This agrees with Hutton’s inter- 
pretation of the species. Ihering in 1907 united the species with his 
Magellania Ameghinoi, but since the thickness of the latter is stated never 
to exceed half the length, whereas in N. novara it is always more than half, 
the two may be easily distinguished. ' 

The species is broadly oval like N. lenticularis, but has a much straighter 
hinge-line. In the lectotype, and in a few specimens from the Weka Pass, 
the sides make no angle with the beak ; but in the majority of the specimens 
from the Weka Pass, and also in others from the Takaka limestone, the 
sides are less convex and make an obtuse angle with the beak. The 
species is common in the uppermost Mount Brown limestone. 

Neothyris iheringi n. sp. (Plate XXV, figs. 1-3.) 

Shell broadly oval, beak fairly long, acute, hinge-line long and sharply 
curved, sides convex, meeting the beak and the rounded front without an 
angle. Shell moderately convex, folding slight. Beak considerably pro- 
duced dorsally of the hinge-line, erect and well detached from the hinge- 
line, foramen small, mesothyrid, attrite. Length of holotype, 49*5 mm. ; 
breadth, 44 mm. ; thickness, 28*5 mm. ' 

This species differs from N. novara and agrees with N. lenticularis in 
the strong curvature of the hinge-line. It is distinguished by the detach- 
ment of the beak from the latter, in which the beak is incurved towards 
the dorsal valve. 

Type locality : Upjiermost Mount Brown limestone (E), Weka Pass. 
The sjiecies is fairly abimdant in this locality, and is unknoW elsewhere. 

Neothyris anceps n. sp. (Plate XXVII, figs" 7-9.) 

Shell ovate, beak large, obtuse, hinge-line rather narrow, strongly curved, 
sides convex and rounded, greatest breadth anterior to the middle, front 
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slightly produced. Valves moderately and regularly convex, folding very 
slight. Beak suberect, not produced dorsally of the hinge-line, foramen 
very large, mesothyrid, attrite, deltidial plates striate parallel to the hinffe- 
line. The septum shows no sign of transverse bands, so that the loop is 
presumably Magellaniform. The cardinal process is of a primitive type, 
confined to the posterior part of the hinge-trough. Length of holot]^, 
53 mm. ; breadth, 42 mm. ; thickness, 27 mm. 

The' species is easily distinguished from other Neothyris by the size of' 
the foramen. 

Type locality : Creamy calcareous sandstone immediately following the 
main Mount Brown limestone, Weka Pass, where it is common. 

Genus Stethothyris Thomson. 

Stethothyris sufflata (Tate). 

1880. Waldheimia (?) sufflata Tate, Trans, Roy. Soc. S. Austral.^ 
vol. 3, pp. 157-58, pi. vii, fig. 3; pL viii, fig. 4. 

1885. MageUania sujfflata Hutt., QmrL Journ, GeoL Soc,f vol.- 41, 
p. 558. 

1889. MageUania sufflata Tate, Trans, Roy, Soc, S, Austral.^ vol. 23, 
p. 253. 

1905. MageUania sufflata Hutt., Trans, N,Z. Inst,, vol. 37, pp. 47fr-77. 

Specimens from the uppermost Mount Brown limestone (E), though 
showing considerable variation, agree closely enough externally with the 
Australian species in shape, convexity, and folding, and in the incurvature 
oi the beak. In the last character senile individuals often show a beak 
touching the dorsal valve, so that the pedicle must have atrophied.* The 
cardinalia are characterized especially by the flattening of the ventral surface 
of the socket-ridges anteriorly, the production of the crural bases into the 
hinge-trough (seen in yyung specimens), and the swollen nature anteriorly of 
the cardinal process, which, though large, is not very high. 

The characters of the beak and cardinal process suggest derivation from 
a stock of considerable antiquity, and forbid its ascription to Neothyris, 
which only appeared at this stage and did not attain similar characters 
until a much later period in Neothyris hnticularis. The characters of the 
(•.ardinalia are not inconsistent with derivation from those of Stethothyris 
Mleyi, and the shell shows the early sulcation of the dorsal valve exhibited 
by S, pectoralis, so that the species seems best placed in Stethothyris, 

The species is common from the creamy calcareous sandstone following 
the main Mount Brown limestone at the Weka Pass to the top of the 
uppermost limestone, and is unknown elsewhere in New Zealand. 


PART III.— CORRELATIONS AND THE CLASSIFICATION OF THE 

NOTOCENE. 

OLARENTIAN. 

No beds belonging to this division of the Notocene have been found in 
the district, nor in the North Canterbury area. In this it differs from east 
Marlborough, where the Amuri limestone is underlain by a great thickness 
of Clarentian beds (cf, Thomson, 1919a). 

♦ Cf, Buokman, Pal, Ind,, n.s., vol. 3, mem. 2, p. 17, 1917. 
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, The complete fauna recorded from the Ostrea beds is as follows ; 
Nemodon (?) sp., Arca^' Hectori Woods, CucMaea sp., Trigonia haneiidm 
d'Orb, Ostrea sp. cf. diohotoma Bayle, Pecten (Camptoneotes) hedtori Woods, 
Ga/rdium sp., PugneXtus waipar^nsis Treotmann, and a rhynclionellid. ' Of 
these, Trigonia hanetiana and Pecten hectori are found also in the calcareous 
conglomerate and black grit respectively of Amuri Bluff and in the Ostrea 
bed of the Malvern Hills, and Ostrea sp. cf. dichotoma occurs also in the 
Ostrea bed of the Malvern Hills. Woods considers that the Trigonia and 
Pecten indicate that the Ostrea bed belongs to the horizon of the Amuri series 
of Amuri Bluff, and is equivalent to the Ostrea bed of the Malvern Hills. 

The Ostrea bed of the Trelissick Basin contains Ostrea sp. and Inoceramus 
sp., which have not yet been obtained in specifically determinable specimens, 
and also a small rhynchonellid, as yet undescribed, which is specifically 
identical with one found in the Ostrea bed of the Malvern Hills. It may, 
therefore, be also correlated with the Ostrea bed of the Waipara. 

Ostrea beds of similar stratigraphical position and presumably of the 
same age are known from the upper Motunau River (McKay, 1881), from 
the Mount Cass Range,* and from the Harper River (Speight, 1917b). 
There must be other corryative beds in the' area between Motunau and 
Amuri Bluff, but they have not been described in such a way that they 
can be identified and correlated. 

Woods (1917) states that the fossils of the Amuri group of Amuri Bluff 
include only a few forms identical with species found in other parts of the 
world, but these and the aflinities of the other species show that the fauna 
is of the Indo-Pacific type, and is of Upper Senonian age. Of the Waipara 
species, Trigonia hanetiana is one of the characteristic species of the Quiri- 
quina beds of Chile, while the Ostrea is similar to a species found in the 
^noniaii of other regions. 

The complete saurian fauna from the saurian beds and Waipara 
greensands of the Waipara is as follows : Platecarpus oweni (Hector), 
CimoUosaurus australis (Owen), 0. hoodi (Owen), C. holmesi (Hector), C. haasti 
(Hector), C. caudalis Hutt,, and Leiodon haumuriensis Hector. The “ saurian 
beds ” of Amuri Bluff contain an almost identical assemblage, concerning 
which Dr. C. W. Andrews has stated, according to Woods (1917), that it 
indicates an horizon near the top of the Cretaceous, and that it is very 
similar to the ^reptilian fauna of the Niobrara chalk of the United States, 
which is of Senonian age. 

The fish-remains from the ‘‘saurian beds” comprise Scapanorhynhcus 
subulatus (Ag.), a species ranging from Albian to Dalian ; Odontaspis 
inct^rva (Davis), foxmd also in the Tertiary of New Zealand and Australia ; 
and vertebrae of Lamna (?). ' 

The Mollusca of the “saurian beds” include Malletia (Neilo) cymbula, 
which resembles M, penmna (Philippi) from the Quinquina beds ; Trigonia 
waiparensis Woods, comparable in ornament with T. parva Bruggen from the 
Senonian of north Peru, and with T, crenifera Stoliczka from the Ariyallir 
group, of southern India ; and Thrada sp. None of these species has been 
foimd at Amuri Bluff or the Malvern Hills. The gasteropods from the 
Waipara have not yet been described* 

The “ saurian beds ” and Waipara greensands are without doubt correla- 
tive with the similar beds of Amuri Bluff. « Saurians are also known from the 
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neighbourhood oi Greenhills, Gore sly, the Jed River, and ^e upper 
Motunau, and a aingle bone has been obtained hrom the Malvern Hills in 
the concretionary beds' above tihe Selwyn Rapids beds. / , ' 

All the above beds which are correlatives of the Piripauau of the Waipara ^ 
occur in the area between the Rakaia River and Kaikoura Peninsula, and 
in all these localities, except in the Malvern Hills, the Amuri limestone is 
found above theaPiripauan. The only other beds of the same age in the 
South Island are those of Shag Point, doubtfully referred here. Tlie fossds 
are poorly preserved, but they appear to include a Trigoma allied to 
r. pseudocundata Hector and Pugnellus marshalU Trechinann. 

In the North Island, Piripsuali beds may occur in the east coast of 
Wellington Province and in the Gisborne distric^, but further exploration is 
wanted in these regions. In the North Auckland district there is a limestone 
somewhat similar to the Amuri limestone — viz., the . hydraulic limestone — 
and it is underlain in the Kaipara district by mudstones, greensands, 
and brown sandstones, yielding ammonitei? and other molluscs, and a 
saurian bone. Marshall (1917b) described two species of ammonites as 
Kossnudiceras with Senonian affinities, a third as Lytoceras sp. with TJtatur 
affinities, an Oamaruian faollusc (Panope worthingtoni Hutt.) identified by 
Suter, and a cast of Phacoides (Here) sp., a genus which did not live before 
the Eocene according to Cossman ; and, moreover, he considered that the 
beds containing this fauna rest upon a Miocene limestone. Comment seems 
almost unnecessary. Woods has made it clear that the Clarentian and Piri- 
pauan faunas of Marlborough and Canterbury are typical Cretaceous faimas 
Without any intermixture of Tertiary species. The probabilities seem to 
be that Piripauan- beds are present in the Kaipara district, and that the 
Oamaruian Gibraltar limestone is faulted down, and does not really underlie 
the Piripauan. Panope worthingtoni Hutton is one of the species of which 
the type was missing when Suter redefined the Tertiary Mollusca, but 
Marshall’s figure agrees very closely with Woods’s figure of Panope clausa 
Wilckens from Amuri Blufi. The affinities of the specimens classed as 
Lytoceras sp. and Phcuioides (Here) sp. may be neglected until better speci- 
mens are available, since neither retained the external ornament. 

The hydraulic limestone also occurs in the Whangarei district, and 
Piripauan beds are also to be expected here, but no distinctive fossils have 
yet been found. 

KAITANGATAN-AMURI LIMESTONE. 

The reasons for which I have correlated the Amuri limestone with the 
Kaitangatan are that the Wangaloa beds of the Kaitangatan contain a fauna 
intermediate between those of the Piripauan and the Oamaruian, while the 
Amuri limestone occupies a stratigraphical "position between Piripauan and 
Oamaruian. No common species have yet been described. Trechmann 
(1917) considers, on the evidence of the Mollusca, that the Wangaloa beds 
“should apparently be of Maestrichtian age.” Chapman, on the evidence 
of the fish-reipains and Foraminifera, considers the Amuri limestone of 
Danian age. ... - : 

In 1916 I stated my conviction that the Amurldimestone is in itself a 
Cretaceo-Tertiary root, Cretaceous at. the hw Rd Tertiary at the top, the 
reason for the latter statement being the bcofirrencc^^m the Amuri limestone 
of the Trelissiok Basin of an Oamaruian fauna in a tufi band 10 ft. from 
the top of the limestone. The rpck I termed the Amuri limestone in the 
Trelissick Basin has the same stratiwaphical position^-^’.e., it lies above 
rocks with a Senopian fauna, and Undenies pcks with an Oamaniian fauna— 
13 — Traiifi. 
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and, although it is usually mpre iuaxly than the Amiui liniestqhe ofc 
coastal district, it is in places quite indistinguishable U^ologk from 
Speight (1917a) has accepted this correlation. Now, however, from an 
examination of Foraminifera from two Idealities, Mr. Cli^apman considers that 
it is “ probably Eocene.** If this view is confirmed!, it certainly demands 
an unconformity between this rock and the imderlying Firipauan beds^-ran 
unconformity of which Speight was unable to find any tr|f5e. Nevertheless, 
in view of Chapman *a correlation, it is unsafe to take into account (he 
molluscan fauna referred to above in attemptii^ to correlate the Amuri 
limestone of the Waipara or Amuri Blufi. ' 

Chapman *s identifications of the Foraminifera make it "^uite clear, how- 
ever, that Mar8hall*s correlation of the Amuri limestone with the Ototara 
limestone is mistaken. On the basis of the Foraminifera Chapman declares 
the Amuri limestone Danian, and the Weka Pass stone and “ grey marls ** 
Eocene. On the same basis Marshall declares the Ototara limestone Miocene. 
The oorrelative of the Ototaaa limestone in the Waipara section must, theii^, 
lie above the “ grey marls,’* and this accords well enough with the evidence, 
to be discussed later, from the molluscs and brachioppds. 

Outside the area north of thq Eakaia Eiver there is no limestone in the 
South Island that can be correlated with the Amuri limestone. It appears, 
however, to be present in east Wellington, and to be represented in North 
Auckland by the hydraulic limestone of the Kaipara and Whangarei dis- 
tricts. Marshall (1919) hais remarked that I have objected to this correla- 
tion ; but what I objected to in 1917 was his correlation of the Whangarei 
polyzoan limestone with the Aonuri limestone by first correlating the Wha- 
ngarei polyzoan and hydraulic limestone. I merely pointed oift — and it is 
s^ true — that no palaeontological or stratigraphical evidence has been 
presented for the correlation of the Amuri limestone and the hydraulic 
limestone of the Whangarei district. Marshall the same year supplied the 
evidence so far as the hydwiTilic limestone of the Kaipara was concerned, 
and thei^ is no reason to doubt that the hydraulic limestone of the two 
regions is. the same. I do not agree, however, that the Whangarei poly- 
zoan limestone is of the same age or older, any more than is the limestone 
of Gibraltar Rocks, in the Kaipara district. I have observed Oamaruian^ 
mollusca below the polyzoan limestone of Horahora, and have little doubt 
that both it and the Gibraltar Rocks limestone are Oamaruian. The 
geological survey of this district, however, which is at present in progress, 
will doubtless settle this, point. 

OAMARUIAN. 

The age of the Oamaruian has been commonly accepted as Miocene for 
some years, very largely on Account of Chapman’s determination of the' 
Foraminifera of Waikouaiti Head, and his demonstration of the Miocene 
age of the older Tertiaries of Australia. Having never been willing to 
admit , that the contact of the Amuri limestone and the Weka Pass stone, 
though doubtless a disconformity, could bridge the gap between Cretaceous 
and Miocene, I fbtmed^the opinion either that the Amuri limestone must 
include the Eocene ^ tttt the Oamarinian ranged down from Miocene to 
Eocene ; and a largipa# of my explorations for several years past have 
been directed to obtijming xfirect evidence of the age of the Amuri lime- 
stone, and to ascertammg the fauna of the lower members of the Oamaiuihn* 

’ In 1915 I endeavoured to show that the beds at Waikouaiti from whiph the 
Foraminifera described by Chapman as Miocene were obtained were upper 
Oamaruian. There can be no doubt from the lists of fossikK have quoted 
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Pass stone and “ grey marls ’’ to the Eocene, it follows that the 
ranges from Ebce^ to Miooene, The contact between the Amlin iim^St^ 
and Weka Pass stone is a disoonformity, but bridges only the gap between 
Danian and Eocene. . ' ^ 

Former geologists, notably Hutton aiid Park, have correlated the Wekia; 
Pass stone with me Ototara limestone, believing the lower Oamaruian beds! 
to be missing. Marshall, on the other hand, has correlated it with the. 
Hutchinsonian. The evidence of the Foraminifera suggests that it cor- 
relates rather with t^e Ngaparan and Waiarekan. The evidence of the 
molluscs is indecisive ; that of the brachiopods, on the other ha;nd, is prac- 
tical proof that the main Mount Brown limestone (B) is Hutchinsonian 
and the uppermost Mount Brown limestone (£) Awamoan, leaving all the 
800 ft. of lower beds, down to the Weka Pass greensand,, for .the Ototaran 
and Waiarekan. 

Some remarks on the rdlative value of the MoUusca and Brachiopoda 
in, correlation seem desirable in view of' the recently expressed opinion 
of Marshall (1919) that the latter are far less ^tisfetetory for purposes of 
correlation, the reasons being that they occur sporadically and in a small 
number of species as compared with the Moyu^a, and that the species are 
hard to identify with certainty. The first is a valid objection, and is well 
illustrated in the Moimt Brown beds, which are rich in Brachiopoda and 
yet have yielded only four specimens of Terebratidifia and none of Lio- 
thyreUa, genera which are abundant in the Trelissick Basin and at Oamaru. 
Nevertheless, the Brachiopoda are su&ciently widespread to enable their 
range to be established with a considerable degree of certainty, and it is 
illogical to neglect them if they are present in any rock and can be used. 
The sniall number 6f species is an advantage in one respect : it enables a 
single man to know the whole fauna intimately, and to apply to the whole 
of it every knowjj method of study. This is not the case with the molluscan 
fauna, of six hundred or eight hundred species ; and we can never expect 
entirely satisfactory results until we have students confining themselves to 
a few families, and studying these not from the point of view of New Zea- 
land Tertiary species alohe, but making themselves familiar with aU the 
species, both living and fossil, in all parts of the world. 

One marked difference between the Oamaruian brachiopod and mol- 
luscan faunas is that the former is practically an extinct fauna, not sur- 
viving the Oamaruian, except for a vAy small percentage, whereas the 
latter shows a , very much greater percentage of living speefes. The' brachio- 
pods, thereferCi would be expected to be of the greater value in' correlation. 

The chief disadvan^ges of the Tertiary moUuscan fauna are the great 
range of the majority <if the species and the different facies of the fauna 
according to station, which makes it a matter of great difficulty to ascer- 
tain accurately the range of any ^iven species. Until this is known it is, 
of course, obvious that the occuri?«flace of a species in a list gives little help. 
Marshall (1919) has given a list of tchi^cteristic species *m)m his different 
series, but many of these species rah^ widely in higher or lower series. 
Thus, of the Nukumaru series, Suter has ^etjern^ed M^Una zelandica from 
the Waiarekan of the Oamaru district, and iB^rshall himself has recoided 
Stridhiolaria Jrazeri feom the Wangaloa beds. ^ the Waipipi series, Oar- 
dium spatiosum is known from the Awamoan of Ukmaru and the Trelissick 
Basin. Of the Target OuUy series, V^nericardia pseutes and Tcrehra otyeta 
rAnge from Waiurekan to Awanioan, while Charm occurs in the 
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Wanganuian of Castle Point. Of the Ototara series, OsPrea ndsoniam ranges 
from AVaiarekan to Waitotaran, and Lima laevigata from ^Vaiarekan to 
Hutchinsonian. Of the Wharekuri series, Exilia dalli has one record from 
the Waiarekan and three from the Awamoan, while Polinices huttoni has 
three from the Waiarekan and seven frorh the Awamoan. The above ranges 
are from my analysis of the Oamaruian fauna of Oamaru and South Canter- 
bury described below. 

In reply to the charge of neglecting the large amoimt of palaeontological 
knowledge we already have, I can but point to the above statements, which 
show that it is very dangerous to generalize on our existing knowledge, and 
which justify my caution. It seems to me that two lines of advance are 
open. One is the more detailed study of the species on evolutionary lines 
(such as I have been attempting in the brachiopods and limpets) with a 
view to defining valid species of limited range, and to arranging the species 
in an evolutionary order. Cossman’s and Murdoch's criticisms of Suter’s 
identifications illustrate the possibilities, but the best results can be expected 
only from an evolutionary study. The other is a careful and detailed 
analysis of the available lists with a view to discovering the range of the 
species as at present defined. 

The procedure which promises the best results depends on the* delimita- 
feion in New Zealand of stratigraphical or diastrophic provinces within 
the bounds of each of which* the various rocks of given age are strati- 
graphically similar and can be correlated without further demur. One such 
district, in which none but Oamaruian marine rocks are developed, ranges from 
Oamaru to Mount Somers. The sequence is everywhere— coal-beds, sands, 
greensands, limestones, mudstones, and sands — except for some differences 
at Oamaru and Mount Somers due to the development of volcanic rocks. 

Marshall has stated that endless confusion would be caused by^attemf)ts 
to place the various beds near Oamaru in the stages as defined by m(3. If 
this is the case in a district so simple as Oamaru, a district “ undisturbed 
by any minor stratigraphic movements,’’ and one on which Marshall is 
prepared to base the whole classification of the Notocene,^ then wc may as 
well give up all detailed stratigraphy in New Zealand. Neither Park nor 
Uttley has encountered this endless confusion, but both have greatly 
increased our knowledge of the district by attempts to place the beds in 
the various stages. While it is not denied that there are diflSiculties, these 
are difficulties that exist in the nature of things, and not because of the 
adoption of certain stages, although the use of the latter has called attention 
to them, and will probably haste* their solution. 

Taking the limestones as Ototaran (jpace Park), we have the under- 
lying rocks Waiarekan* and the overlying rocks Awamoan, the Hutchin- 
sonian being mostly difficult of recognition, and perhaps inc;luded in the 
upper of the two limestones that are usually to be distinguished outside 
Oamaru. Within this province there are numerous localities from which 
lists of fossils have been published, and in addition Mr. Suter determined 
all the old Geological Survey collections and also further collections made by 
me. These list# are as yet unpublished, but' the Director of the Geological 
Survey has kindly given me access to them. I have divided the province 
into the geographic^ districts of Oamaru, Waitaki Valley, Waihao, Pareora, 
and Kakahu, and have plotted each occurrence in such a way that for each 
stage I have retained a record of how many districts'' and how many localities 


* I have not taken into account Park’s Bortoniah, because in the type locality 

frir thin ntAtXA f.lift fmaiaila n.rA -nrn.n.fipn.llir all nna'f.a 
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within* each district a given species fias been coUeobed from. Pa?t of this 
analysis, applying to the species from the Waipara - Weka Pass district, is" 
given below in Table V. , 

One immediate advantage of such a list is that it shows clearly which 
species are based on single or few records, suggesting, in such cases as that, 
for example, where a Recent species is recorded from the Waiarekan and 
;no higher stage, that the specimens are in need of critical re-examination 
before this evidence for the range of the species can be fully admitted. 

A striking feature of the lists is the number of species which range 
throughout the Oamaruian, and the comparatively few, except in the case 
of the Awamoan, which are confined to a single stage. The reason for the 
latter is that the majority of the good fossil-localities are Awamoan — viz., 
Awamoa, Target Gully, Ardgowan, Otiake, Pukeuri, Mount Harris, Blue- 
cliffs, Pareora River, White .Rock River, Holme Station, Sutherland’s, and 
Kakahu River. The only large lists from the Waiarekan are from Black 
Point (where the fossils are nearly all casts), Wharekuri, Waihao greensands, 
and Kakahu coal-beds. I directed most of my collecting to Waiarekan 
localities, in order to redress the balance; but the results are still scanty 
compared with the Awamoan, and as a result the use of the analysis for 
comparison of fresh lists will tend to favour correlation with the Awamoan, 
as will be seen below. 

The percentages of Recent species in the total faunas of the province 
may be estimated in two ways — viz., by actual records, or by implication : 
i.e., if a species in the Waiarekan is also known from the Awamoan or 
Recent it may be credited to the intermediate rocks. The numbers of 
species and percentages of Recent species are as follows : By actual records 
- Waiarekan, 221 (Recent, 56 = 25 per cent.) ; Ototaran, 90 (Recent, 28 
= 31 per cent.) ; Hutchinsonian, 97 (Recent, 36 = 37 per cent.) ; Awanioan, 
336 (Recent, 113 = 34 per cent.): by -implication — Ototaran, 178 (Recent, 
69 = 39 per cent.) ; Hutchinsonian, 207 (Recent, 82 = 40 per cent.) ; 
Awamoan, 347 (Recent, 137 == 39 per cent.). It is to be expetTted that 
when the collections from the lower stages are as exhaustive as those from 
the Awamoan the percentages obtained by the two methods will approach 
one another more nearly, and also that there will be a regular increase 
from the Waiarekan to the Awamoan. It would be premature to assume 
that there had been a sudden introduction of new forms in the Awamoan, 
although that is the actual suggestion of the lists. 

To ascertain the evidence presented by a fresh list from any locality, 
the best method appears to be to calculate the percentages of records in 
each stage of the species in tlie new list. A somewhat similar method was 
used by Marshall in 1919. If the analysed list is extended to include the 
stages older and younger than the Oamaruian, then for any given fresh 
list a series of percentages for each stage may be calculated which will rise 
to a maximum for the stage to which the list belongs. The nearer this 
maximum approaches 100 per cent, the higher the probability will become 
that the correlation is correct. The peltcentage of Recent species will fall ^ 
into its place as only one of a series of percentages. At present, how- 
ever, owing to the fact that the faunas of the various stages are so incom- 
pletely known, and that the fuller knowledge of the Awamoan fauna gives 
proportionately higher percentages for that stage, greater weight than will 
later be necessary must be attached meanwhile to the percentage of Recent 
species. - 

Applying the above method to the Wangaloa and Hampden faunas, 
we get the following percentages (using the method of implication) 
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Wangaloa 

Beds. 

Hampden 

Boos. 

' Precinctive species 

. . 

. . 51 

42 . 

Waiarekan . . 

. . • . 

. . 39 ‘ 

39 

Ototaraii 

. . . 

.. 36 

32 

Hutchinsonian 

. . • • 

.. 36 

30 

Awamoan 

. . 

. . 35 

32 

Recent species 


.. ' 8 
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The percentage of precinctive species in each of these faunas exceeds 
that of those ' ranging upwards into the Waiarekan or higher , beds,' and 
justifies Marshall’s conclusion that they are both older than Oamaru&n, a 
point upon which I had previously e3q)re8sed doubt so far as the Hampden 
beds were concerned. The table also favours the correlation of the two 
faunas, although it should be noted that only six species are common to 
both, and these six species are all also Waiarekan.’*' We may therefore 
add the Wangaloa and Hampden lists as a fresh column to the analysed 
Oamaruian lists. 

For stages later than the Oamaruian good lists are not available, and 
we must await Murdoch and Marshall’s account of the Wanganui beds. 
For the purposes of this paper I have used the lists given by Hutton 
(1886) for Wanganuiv and Petane, supplementing them by unpublished 
determinations by the late Mr. H. Suter. These give a total of 219 species 
from Wanganui, with 80 per cent. Recent, and of 194 from Petane, with 
79 per cent. Recent, and are therefore grouped together and treated as 
Castlecliffian, though they may contain a few forms from a lower horizon. 
For the Waitotaran I have taken such published and unpublished records 
as were available from Waitotara and Patea, the Wairarapa limestone, 
the Awatere beds, and the Greta beds, omitting the two latter, however, 
when the correlation of the Greta beds themselves is being discussed below. 
Finally, I have admitted as intermediate between the Waitotaran and 
Awamoan the Kawa beds described by Bartrum (1919), together with the 
basal beds of the Palliser Bay section. The reasons for this will be given 
more fully below in discussing the Gcejia beds. 

With this basis we may now attack the correlation of the beds of other 
localities in other diastrophic provinces. The logical procedure in such a 
province as that in which the Waipara district lies would be first to com- 
jiile a similar analysis of the range of each species recorded from the Weka 
Pass stone, the “ grey marls,” the Mount Brown beds, and the Greta beds 
in the area within which these rocks can be recognized, and then to com- 
pare the lists so obtained with the former list from Oamaru and South 
Canterbury. If the correlations can be made without reasonable doubt, 
a combined list will extend further our knowledge of the range of the various 
species, and so on with the other provinces. This programme involves a great , 
deal of further stratigraphical work and collecting throughout New Zealand, 
and it will be many years before it can be completely carried out. In the 
meantime I will show the method as applied to the species known from 
the district at present under discu^ion. 

Table V gives the lists of species from the various rocks of the district, 
the Greta beds being alfo included folr convenience. In •these columns T 
signifies that the species was collected by myself, P that it is an additional/ 
species from Park’s lists of 1906, and H foom Hutton’s lists of 1885 (b and c) 
and 1888. For comparison the records in the various stages, compiled as 
explained above, are also included, S signifying a single record, R that the 
species is rare (with only two or three records), 0 that it is common (with four 
or five records), A that it is abundant, and + ^d X one or more fecords. 

"' They include QHheriia paucisulccUa (Marshall), which Mr. Suter determined in 
my collections from the Waihao greensands. 
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' TABL* V.-t-RaNOJI of TuRTIABY MoLLtrSCS FEOM TH3BJ DismiOTi 


. ^ . — , ■ 

l' 2 

. 

j 

4 5 

6 1? 

8 9 

10 

ii 12 18 14 iz 

*Ainphide&ma (metrale (Gmel.) . . 




T .. 

.. ? 


XX 

* ventricomm (Gray) 



• . . . 

H .. 

. . . . 



AmpvUina miorntnica Sut. 

.. T 


. . . . 

\ . . . 

.. s 

. . 

.. R ....:» 




.. T 


4- C 

R 

S A . . X “ - 

A'nwisi’Wtrh zitteli (Hutt,) 

.. T 



.... 

.. S 

S 

S .. 

*AnciUa auatralia (Sow,) 



. . 

T .. 

.. s 


.. A .. X X 

hebera (Hutt.) . . 



P .. 

T .. 

.. R 


.. A X X .. 

♦ muoronata (Sow.) 



. • . . 

T .. 

.. S 


. . R ..XX 

♦ novcte-zeJandute (Sow.) 



.. T 

T .. 

+ A 


. . A XX.. 

papiUaia (Tate) . . 



T T 

.... 

.. R 

. . 

R A 

♦ pyramidalis (Rwve) 




T .. 

. . . . 

• • 

. . S ..XX 




T . . 





♦ huUoni Sut. 



T .. 

T .. 

.. R 


S 0 .. X X 

♦ trigonopsis Hutt. 


T 

T T 

.... 

.. R 


.. C .. X .. 

Aidigona avlcaia (Hutt.) 



.. T 


.. S 


. . R .... X 





T .1 



. . A XXX 

^Arcopagia disculua (Desh.) 



. . . . 

T .. 

. . 


.. X X 

Athleta Jmttorii paeudorariapina Sut. 



. . . . 

T? .. 



. . . . { 


H .. 


P .. 


. . R 

s 

1 

*Barnea aimilia (Gray) . . ... 




T .. 



.. ..jx X X 

— ■ — tiara Tate 




T :. 

. . .. . 


X .. 

*CaUioaio7na punctukUum (Mart.) 




P .. 



XX 

*Cardha.ridu8 tenebroaua A, Ad. . . 



. . . . 

H .. 



8 S * . . . X 

*Cerithidea bicarinata (Gray) . . 




T .. 

. . 


XX 

CerithieUa n. sp. 




T^ .. 

. . 



Chione chiloenaia (Phil.) 



. . 

T 



.. R .. X X 

meridicmalia (Sow.) 



P .. 

T .. 

.. A 

R 

C A X X X 

♦ atutchburyi (Gray) 



.. T 

T .. 

. . . . 


. . R ..XX 

♦ ycdei (Gray) 




T .. 

. . . . 


. . S ..XX 

^Cochhdeama angaai (C. & F.) . . 



.. T 

. . . . 

. . . . 


. . S . . . . X 

*Co7nineUa adaperaa (Brug.) 



. . . . 

T .. 

. . . . 


. . . . Xn X X 

♦ qnoyana (A. Ad.) 




T .. 



.. R .. X X 

Corbula canaliculata Hutt. 

!! T 



.... 

!! a’ 


.. A 

CraaaatelUtea attenuatua (Hutt.). . 



T 

.... 



.. C X X X 

♦ obeaua (A. Ad.) . . ' , . 



P .. 


l; a 


C A .. .. .. 

'^Crepidula coatata (Sow, y 




f ’ . 



.. C .. X X 

gregaria Sow. . . . . 



!! T 

T .. 

!! s' 


S A X X X 

♦ mo7K)xyla (Less.). . 



P T 

T .. 

. . . . 

S 

S A X X X 

alriata Hutt. 



.. T 

T .. 


s 

. . A XX.. 

C’UCU'lU-iBci alia Sow. . . . . ' 



P . . 

H? X 

4- R 

s 

R A 

var. B . . , . 


!! 

.. T 


. . s 


. . s 

*Cyiiiaiium, apengleri (Chemn.) . . 




p‘ ! '. 


, , 

. . ..XX.. 

Denialium niantelli Zitt. 



p !! 

. . X 

4 C' 

A 

S A .. X .. 

soliduM Hutt. 

T !! 


.. T 

T .. 

.. A 

C 

C A X X X 

*Diplod(m zdandicd (Gray) 

.. T 



T .. 

. . . . 

R 

S ..XXX 

*Doainia anua Phil. 


i 

* * 


P .. 


, , 

. . ..XXX 

♦ greyi Zitt. . . . . • 


• • i 

p’ T 

T X 

! A 


. . A ..XX 

♦ lambata (Gould) . . 


* • 


H .. 



. . R . . X X 

magna Hutt. . . 


* * 

p !! 

. . .1 . 

!! s 

. . 

. . R XX.. 

aubroaea (Gray) . . 




T .. 



.. R X X X 

DriUia wanganuienaia Hutt. 




H .. 


. . 

.. S .. X X 

Epitonium lyratunt' (Zitt.) 

T !! 


p !! 

. . . . 

4 c' 

C 

C A...... 

TotVffidum Hutt. . • . . 

H .. 







Euthria rnedia (Hutt.). . 

T? .. 



.... 

. . . . 

s 

.. S 

*Evarne Unea (Mart.) . . 

. . . . 



P .. 

. . . . 


XX 

*Fnaiwna apircUia (A. A4*) 

. . . . 

• ^ 


H .. 

. . . . 

. . 

.. A ..XX 

Oaleodm aenex (Hutt.) 

H .. 


p* X 

. . . . 

4 S 

s 

S A X X . . 

— avXcata (Hutt.) . . . . 



.. T 




. . . . . . X . . 

♦Gan Umolata Gray 

. • . . 


p .. 

T !! 

!! A 

s 

S A X xjx 

Olycymeria cordata ( Hutt.) 

. . . . 

■ ’. . 


H .. 

.. s 


S R .. x .. 

(Htitt.) .. , 

. •• 


p !! 

T .. 

.. s 


,. C X x .. 

♦ — ^ kUicoatata (Q. & G.) 

. . . . 


.. .. 

T .. 

.. R 

s 

S C .. X X 
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Table V. — RAN(}^E of Tebtiabt Molluscs from, the District. — continued . 


N 

1 ! 

2 

8 

4 

5 

*i 

7 I 

8 

9 

10 

11 

12 

18 

14 

15 





p 




1 


1 



,1.. 

Y 






T 







S 









T 






i 






P 






R 

s 

s 



X 

colorata "Hiitt. 




T 

T 




s 

c 

A 

X 



T 















H 



P 





s 

s 

s 









T 





s 





X 





P 

T 




R 

R 

c 









T 

T 




s 


S 




^Limopaia cmrita (Brocchi) 

T 

T^ 





X 


A 

S 

s 

A 







P 










zitteli Ihfir. 


" - 


T 




S 


c 

A 




Jj^itTdria solids- - - 






T 






V 

X 

X 

MacrocdUiata aaaimilia (Hutt.) . . 




. . 


P 



R 


R 

c 


X 

* ‘muUietrifttfi (Sow.) - . . 






P 



S 


s 

A 


Y 

y 

*Mar±ra dijuroTA Gray . . . , 






P 





R 

X 

X 

X 

duhifi (Tfiitt.) 






T 






R 

V 

*Malletia auatralia (Q. & G.) 

M n/nuiP.n/i (Smif.li) 


T* 





1 

s 


R 

A 



X 

Y 



P 






R 



/iincldif'i A- - - 






T 





S 


X 

X 

'^Modiolus austrplia (Gray) 






T 




R 

c 


Y 

Y 

^Muaculua impactua (Herm.) 






T 


1 



Y Y 

♦ Myiif.oi.a p.n.n^irMhi^ Mart. 






T 

J . 



. .v 

X 

* magellanieu/t Tjamk. * 




P? 









Y 

^NcUicd auatralia (Hutt.) 




T 


X 


s 



c 

X 

X 

X 

• zelandica Q. & G. 






H 


-1- 

R 


S 

A 

X 

Y 

X 

pnihitis fiudcinetd (M^-H'.) 






P 





Y 


Nucula aagittata Sut. . . 



T 




X 


S 

s 

S 

H 


i 

Olivella neozdanica (Hutt.) . . • 






H 





1 8 

V 

Y 


^Oatrta angaai Sow. 




T 

T 

T 


1 



' R 

1 


Y Y 

arenicola Tate . . 






T 






Y 

Y 

♦ corruQota Hutt. . . . . 






T 



c 


s 



Y i Y 

gudexi Sut. . . . . 

ingcns Zitt. ^ . 




T? 





R 


! 



Y 





T 



• i 


X i - - 

^ manubriata Tate ' 






T . . 



■ 



lY . . 

nalaoniana Zitt. . . 






T 


S 

s 

s 

s 


Y 1. . 

♦ tatei Sut. 




1 

T 



s 

s 


X 


wudleratorji Zitt. 




p 




+ 




X 

X 

X 


Panope orbita (Hutt.) . . 




P 


P 

X 

R 

8 

c 

A 



Paphia curia (Hutt.) . . 



T 





R 

A 

X 


* intermedia (Q. & G.) 






P 







V 


Pecten beethami Hutt. . . 



T 

T 





s 


a' 

8 




— . — var. B 

H 


T 











burnetti Zitt. 








S 

s 

s 


Y 


orawfordi Hutt. . . 





T 







X 


difluscua Hutt. 






H 









fiacheri Zitt. 

H 










R 




hochatetteri Zitt. . . 




T 




s 

' ^ 


s 




hutchinaoni Hutt. 




P* 

• 




s 


A 

s 




huttoni (Park) 

palmip^ Tate 

T 

T 

T 

T T 



+' 

A 

c 

A 

A 






T 










* radiatua Hutt. 






P 





R 

S 


X 

X 

triphooki Zitt. 





T? 

T 





R 


Y 

X 

williamaoni Zitt. . . 

H 



p* 







V 



* zelandiae Gray . . 



T 








s 


X 

X 

n. sp. . . 




T 











Phoa inciaua (Hutt.) . . 






P 








X 


PUicunanomia inciaura Hutt. 





T 





s' 

S 

A 




Pleurotomaria tertioria McCoy . . 
Polinicea gibboaua (Hutt.) 

H 

1 







R 

A 

s 







P 

T 

P 



s 

R 

A 


X 

X 
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Tablx V.-^Banob of Tbbtiabt Moixuscs from xeb ItesTstox — contimed. 


Polinicea ovatus (Hutt.) 
^Protocardia alata Sut. 

♦ pulchella (Gray) 

Missoiria vana (Hutt.) 

*Seila chcUhamensis Sut. var. 


* tenuia (Gray) 

*Spiaula aequil(U€r^^(DeBh.) 

Struthiolaria cincta Hutt. 

* pa^loaa (M^.) 

apinpaa Hect. 

Uibermlcda Hutt. 

Surcula fuaijormia Hutt. 
Taron breviroatria (Hutt.) 

*TeUina ddtoMlia Hutt. 

* eugonia Sut. 

*Terebra triatia De^~ 

Teredo heaphyi \ 

Thracia n. sp. 

Trochua conicua (Hutt.) 

* tiaratua Q. & G. 

*Trophon corticatua (Hutt.) 

Turria alina (Harris) . . 
*Turritella carlottae Wats. 

caverahamensia Harris 

concava Hutt. 

* w roaea Q. & G. 

* ayrnmetricaHnit. 


*Venericardia difficilia (l^sh.) 

* purpurata (Desh.) 

*Verconella caudata (Q. & G.) 

coatata (Hutt.) . . 

* dilatata (Q. & G.) 

* maTidarina (Duclos) 

* nodoaa (Mart.) 

orbita (Hutt.) 

* attenuata Hutt, 

Vohita arabiea Mart. 

corrugata Hutt. 

* elongata Swains. . 

sp. cf. protorhyaa Tate 

*Zenatia acinacea (Q. & G.) 
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6 

19 

9 

8 

45 

43 

95 











1 

3 

1 

18 

15 

64 










58 

5 

33 

12* 

40 

34 

67 











Column. 

1. Weka Pass stone. 

2. “ Grey marls.’* 

3. Lower Mount Brown beds (below 

limestone D). 

4. Main Mount Brown limestone (B). 
o. Uppermost Mount Brown beds (E). 

6. Greta beds. 

7. Wangaloa fauna from Marshall 

(19170). 

* 8. Hampden beds from Marshall (1919). 


Column. 

9. Waiarekan stage of Oamaru and South 
Canterbury. 

10. Ototaran stage of Oamaru and South 

Canterbury. 

11. Hutchinsonion stUge of Oamaru and 

South Canterbury. ^ , 

12. Awamoan stage of Oamaru and South 

Canterbury. 

13. Kawa Creek beds from ^artrum 

(1919) and Palliser Bay basal beds. 

14. Waitotaran stage. 

15. Castlecliffian stage. 





If we now calculate the percentage of records in the various ^a^; 
usiiig the method of implication, we obtain the following results: — 

Table VL 


— 

1 

2 

3 

4 

5 

6 

7 

Percentage recorded Irom Wangaloa and Hampden 

26 

19 

22 

12 

20 

26 

11 

beds 





, 


* 

Percentage recorded from Waiarekan 

42 

60 

88 

62 

66 

60 

38 

Percentage recorded from Ototaran 

52 

68 

100 

62 

76 

69 

42 

Percentage recorded from Hutchinsonian 

42 

54 

100 

75 

73 

69 

46 

Percentage recorded from Awamoan 

62 

61 

100 

76 i 

80 

83 

69 

Percentage reeprded from Kawa Creek beds 

10 

23 

44 

26 

68 ! 

63 

70 

Percentage recorded from Waitotaran 

6 

19 

44 

^26 

49 

49 

69* 

Percentage recorded from Castlecliflfian . . . . 

6 

16 

33 

13 

40 

3T 

77 

Percentage of Recent species 

5 

15 

33 

13 

40 

34 

67 


* In calculating this percentage the records from the Qreta and Awaterc beds were excluded 
and dnly those from the North Island localities, or records by implication, were used. 


1. Weka Pass stone. 

2. Weka Pass stone and “ grey marls ” 

combined. 

3. “Grey marls.” 


4. Lower Mount Brown beds. 

5. Main Mount Brown limestone. 

6. Uppermost Mount Brown limestone. 

7. Greta beds. 


It will be seen that the analysis favours the correlation of all the beds 
up to the top of the’ Mount Brown limestone with the upper Oamaruian, 
and, if we group together the Weka Pass stone and “grey marls,” of all 
^th the Awamoan. Against this we have the positive evidence of the 
i’oraminifera that the Weka Pass stone and “ grey marls ” are lower than 
Ototaran, and of the brachiopods that the main Mount Brown limestone is 
Hutchinsonian. It is obvious, therefore, that the range of the Mollusca 
is not yet sufficiently known to give confidence in its use in (jorrelation, 
which tends unduly to favour correlation with the Awamoan. 

If we examine in detail the list of species from the Weka Pass stone, 
we find that the species which are responsible for the relatively high value 
of the Awamoan records are only three — viz., Struthiolaria sjdnosa, Titrris 
uUus, and Pecten Jischeri — all recorded from the Awamoan only. The 
finding of aqy two of these, or of the species without any record— viz., 
Epitonium rotundum, Lima imitata, Pecten heethami var. B, Pecten william- 
soniy Voluta altewmta, and Voluta sp. cf. protorhysa Tate — -in the Waiarekan 
or lower beds would bring the percentage of Waiarekan species up to that 
of the Awamoan. 

The collections are scarcely large enough to use the percentage of Recent 
species with confidence. This method would place the Weka Pass stone 
with the Wangaloa and Hampden beds, the “ grey marls ” with the 
Ototaran, the middle Mount Brown beds again with the Wangaloa and 
Hampden beds, the main Mount Brown limestone and the uppermost Mount 
Brown limestone in the Hutchinsonian or Ototaran. A curious coincidence 
in the percentag€>s is that the uppermost limestone shows a lower percentage ^ 
than the main Mount Brown limestone, just as do the Target Gully beds 
com})ared to the upper Hutchinsonian in Target Gully, and the total 
Awamoan fauna ^compared/ to the total Hutchinsonian fauna of Oamaru 
and South Canterbury. In the present case little stress can be laid upon 
this pointj as the list from the main Mount Brown limestone contains so 
many species collected by Park in 1905 from an horizon not quite definitely 
determined. 

There is still another way in wluch the moUuscan evidence can be 
looked at — viz., from the point of view of the range of the species within 
the district/ Thus Pecten hMoni and Bentalium soUdwn range through. 



TiaiOUBQK,^Geologp o/ Middle Waipara and WeUa Bass District , 395 

the 900 or more feet of strata from the Weka Pass stone to tke uppermost 
Mount Brown beds, and in Oamaru range through a similar thiclm^s of 
beds which probably formed at much the same rate. This suggests th^t 
the whole of the Oamaruian is represented in the Waipara sequence f and 
that the Weka Pass stone correlates with the Ngaparan and WaiarekaUj 
and the uppermost Mount Brown beds with the Awamoan. 

The general conclusion to be derived from the evidence of the 
MoUusca is, then, that taken by itself it is not conclusive as to exact cor- 
relation with Oamaruian stages, and does not stand in the way of the 
positive correlations demanded by the brachiopods and Foraminifera. 

The range of the brachiopods occurring in the district is shown in the 
following table : — 


Table VII. — Range of Tertiary Brachiofods from the District. 


— 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Aciheia gaulteri (Morris) 

X 





w 

0 

H 

A 


H&mithyria nigricans (Sow. ) 





X 

« . 


H 

A 

w 

Terebratulina Suessi (Hutt.) 




+ 


w 

b 

H 

• • rt 


Terebratulina cf. cancellaia Koch 





. . 






Bouchardia mininva Thomson 





. . 


b 




Magadiym waiparensis Thomson 



X 








browni Thomson 




+ 

X 






Rhizothyris mriosa Thomson 




, . 

X 


b 




media Thomson 



• • 

, , 

X 






sevium Thomson 





X 


b 

ii 



rhizoida (Hutt.) 




-f 

. . 



H 



elo'ngata Thomson 




+ 




H 



— curia Thomson 




+ 

X 


b 

H 



crassa Thomson ' . . 












elliptica Thomson . . ' 




+ 

X 


b 

ii 



fortia Thomson 





X 



. , 



(^esa Thomson 




-4- 

X 






lateralis Thomson 




? 

? 



, . 



pirum Thomson 




+ 







ovata Thomson 




+•! 



b 

ii 



amygdala , . * 




cf. j 




H 



Pachymojgas cottoni Thomson 




+ 1 

X 



H 



bnrtrumi Thomson . . ' . . 




4- 




. , 



clarhei Thomson 


+ 






.. , 



haasti Thomson 




+ ’ 



b 

H 



hectori Thomson 




+ 

1 X 


o 

H 



parki (Hutt.) 




+ 

1 



H 



McKayi Thomson 




+ 







morgani 


. 7* 


4- 







coxi Thomson 




+ 







htdioni Thomson 

+ 



. , 



b 

ii 
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Celanm. Column. 

1. Weka Pass stone. ^ 6, Waiarekan. 

2. Lowest Mount Brown limestone (C). 7. Ototaran. 

2. Second Mount Brown limestone. 8. Hutchinsonian. ^ 

4. Main Mount Brown Limestx^e (D). 9. Awamoan. 

5. Uppermost Mount Brown beds, 10. Wanganuian, 

The letters in columns 6-10 jure the initialB of the st^e-names, which help td |piide 
the'eyehetter than an asteriBk* . \ , 
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Owing to the fact that so few brachiopods are recorded from the 
Waiarekan and the Awanaoan elsewhere, the percentage of records of the 
Waipara species from the various Oamaruian stages, though favouring the 
correlation of the main Mount Brown limestone with the Hutchinsonian^ 


the following table 


Tablb VIII. 


Percentage of species recorded from Waiarekan 
Percentage of species recorded from Ototaran 
Percentage of species recorded from Hutchinsonian 
Percentage of species recorded from Awamoan ' 
Percentage of species recorded from Wanganuian 
Percentage of species not recorded elsewhere 


molluscs. It is shown 
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16 
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44 


1. Main Mount Brown hmestone (B). 

2. Uppermost Mount Brown beds. 

When the aflSnities of the species not recorded elsewhere are taken into 
consideration, the case for the correlation of the main Mount Brown lime- 
stone with the Hutchinsonian, and for the uppermost Mount Brown beds 
with the Awamoan, becomes much stronger. The fauna of the former 
horizon consists eirtirely of species closely related to Hutchinsonian forms, 
with the exception only of Bouchardia minima^ known elsewhere only from 
the Ototaran, and Magadina hrowni, not kno^ in the southern Oamaruian 
localities. The fauna of the uppermost Mount Brown beds contains 
characteristic large species, not easily oyerlooked, which are absent from 
the southern Oamaruian localities — viz., Stethothyris suffiata, Neothyris novara, 
N. iheringi, and N , anceps — suggesting that either this horizon is unrepre- 
sentW at Oamaru, or that it does not there yield brachiopods, which is 
the case with the Awamoan, while the Hutchinsonian affinities of part of 
the remainder, mainly Rhizothyris, are offset by the Wanganuian affinities 
of another part, Hemiihyris and Neothyris, 

The species of RMzothyris and Fachymagas which range from the main 
Mount Brown limestone into the overlying beds consist for the most part 
of species not so advanced ^.s regards elongation and folding as those 
confined to the main limestone. The explanation seems to be that the 
more primitive stocks had a longer range, while the more highly evolved 
forms, possessing no further potentialities of evolution, were narrowly 
restricted in time. The occurrence of the two species RMzothyris elongata 
and Fachymagas parhi only in the Hutchinson Quarry greensand and in 
the main Mount Brown limestone would of itself favour the correlation 
of these two beds, but when the advanced nature of their evolution is 
taken into account it enormously strengthens the case for the correlation. 
Combining all three points of view, we may conclude that the evidence is 
sufficiently strong to support definitely the correlation of the main Mount 
Brown limestone with the Hutchinsonian and of the uppermost beds with 
the Awamoan. The evidence of the brachippods as to the correlation of 
the beds below the main limestone is inconclusive. 

Combining all lines of evidence, we find the following correlations 
indicated : — 

Uppermost Mount feown.beds — Awamoan. 

Main Mount Brown limestone — ^Hutchinsonian. 

Lowfer Mount Brown beds — Ototaran. 

“Grey marls” and Weka Pass stone — Waiarekan. 
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WANGANtJIAN. 

The Greta beds have a wide distribution in the neighbouring Lower 
Waipara, Upper Waipara, Greta, and Motuhau districts, where the nature 
of the beds and of the fossils are generally similar to those of the Middle 
Waipara and Weka Pass. They are also known to occur in the Oaro Valley, 
near Amuri Bluff. No considerable collections of any extent or recently’ 
named are available from any of these localities. In . 1913 I collected 
carefully from the Greta beds of the Lower Waipara, but <^btained only 
twenty-seven species, of which twenty, or 74 per cent., are Recent species.. 
The extinct species were CalUostqma waipareme, Crepidula gregaria, Lulraria 
solida, Pecten triphooki, P. crawfordi, Ostrea arenicola, and 0. nelsoniam (?). 

Owing to the absence of a comprehensive list of Waitotaran fossils 
from the typical locality, the percentages of records of the various stages 
shown in Table VI favours correlation of ^)he Greta beds rather with the 
Castlecliffian than with the Waitotaran, but the presence of such forms 
as Ostrea ingens suggests that the true correlation is with the Waitotaran. 
With this the percentage of Recent species, 67 per cent., is also more in 
accord. Marshall gives 60-70 per cent, for the Waipipi series, which 
apparently includes the Waitotoan, and 80-90 per cent, for the Castlecliff 
series. Final decision as to correlation of the Greta beds must be post 
pon(‘d until lists from the Wanganui -Patea districts are available. 

Only a small number of species are common to the Greta and Awatere 
beds, although the latter have usually been correlated with the former 
Park (1905) obtained forty-two species from the Starborough Creek beds, 
of which 71 per cent, were Recent ; from the same beds I obtained fifty- 
seven species, of which only 51 per cent, were Recent. The two lists 
combined give seventy-seven species, of which 60 per cent, are Recent. 

' Marshall (1919) has suggested that the Greta and Awatere beds may 
occupy a position intermediate between the Target Gully series (Awamoan, 
with 30-40 per cent, of Recent species) and the Waipipi series (Waitotaran, 
with 60-70 per cent, of Receiffc species). The list of species from the Greta 
beds, numbering ninety-five, with 67 per cent, of Recent species, is now 
sufficiently extensive to make it very improbable that the^ suggestion is 
correct.. In the Middle Waipara district the Greta beds follow directly 
upon the uppermost Mount Brown beds, with only 34 per cent, of Recent 
specdes, and the sudden doubling of this percentage gives a strong presump- 
tion of unconformity. If beds bridging the palaeontological gap can be 
found in any other part of New Zealand the evidence for unconformity will 
be conclusive. 

In 1913 I pointed out that the Starborough Creek beds of the Awatere 
Valley were imderlain by a great thickness of beds, in the lower parts of 
which Miocene (i.e., Oamaruian) types' such as Cucnllaea and Limopsis 
occurred. The collection from TatchelFs Creek vras not in very satisfactory 
condition, but yielded Ancilla sp., Cardium spatiosium Hutt. ?, C. maonnum 
But. ?, Chigne meridionalis (Sow.) ?, Cominella lurida (Phil. \f Dentalium soli^ 
dum Hutt., Leda semil&res Hutt. ?, Limopsis aurita (Brocchi), L. caienata Sut., 
Mdculopeplum elegantissim%m (Snt.) ?, Mytilus striatus Hutt., Ostrea angasi 
Sow. ?, Panope orhita (Hutt.), Pecten huttoni (Park), Struthiolaria cinda 
Hutt. ?, S, tuherctilcUa Hutt., Turritella symmetrica Hutt. ?, Verconella 
dilatata (Q. & G.) ?, and Voluta corrugata Hutt. This fauna appears to be 
characteristically Oamaruian, so that if the beds containing it underlie the 
Awatere series conformably an intermediate fauna should be found. 
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In 1919 I pointed out that the blue mudstones of the Palliser Bay dis- 
trict, which in their upper part contain a Waitotaran and probably above 
that also a Castlecliffian fauna, also contain Oamaruian species near the 
base.. Those collected were Ardigona zelandica (Gray), Cominella adspersa 
(Brug. ), C. Sut., Dosinia anus (Phil.), D, subrosea (Gmy), DentMum 

, solidum Hutt., Galeodea senex (Hutt.;, Papliia curia (Hutt.), PoUmces gih> 
bosus (Hutt.) h Struthiolariq tuherculdta var., S, papulosa var. While the 
Oamaruian af&iities of this fauna are > apparent, three species — viz., 
CofnineUa adspersa, C, purchasi, and Dosinia anus — are not' known from the 
Oamaruian of Otago and South Canterbury. It seems quite possible that 
this fauna will prove to be intermediate between the Awamoan aujjl the 
Waitotaran. 

In 1919 Bartrum also described a series of beds at Kawa Creek which 
overlie Oamaruian beds unconformably, but contain a fauna with strong 
Oamaruian affinities, although the percentage of Recent species is 62 in a 
collection of 74 species. The percentage of records in the various stages is 
as follows : Wangaloa and Hampden beds, 8 ; Waiarekan, 42 ; Ototaran, 
50 ; Hutchinsonian, 54 ; Awamoan, 64 ; Waitotaran, 62 ; Castlecliffian, 68. 
Probably when a fuller list of Waitotaran species is available for comparison 
Bartrum ’s conclusion that the fauna is intermediate between Awamoan and 
Wanganuian will be substantiated. 

DIASTROPHIC PROVINCES IN NEW ZEALAND. , i 

In 1917 I discussed the application of diastrophic criteria to the corre- 
lation and classification of the younger rocks of New Zealand, and while 
agreeing with Marshall, Speight, and Cotton (1911) and later expressed 
views by Marshall on a certain diastrophic imity of all these younger rocks, 
necessitating the use of an inclusive name, for which I proposed “ Notoc.ene,'’ 
I gave briefly the evidence for the existence of minor diastrophic districts 
during the general relative crustal inactivity between' the great post-Hokonui 
and Kaikoura deformations. This evidence consisted of the differences in 
age of the oldest aUd youngest marine Notocfene rocks of different districts, 
proving differences in the dates of sea-advance and sea-retreat in these 
districts, and also differehces in age of the main limestone member of the 
sequence in different districts — viz., the Amuri,, Ototara, and Takaka lime- 
stones— proving that the period of maximum sea-advance was not every- 
where contemporaneous. To avoid confusion between geographical and 
diastrophic districts, I propose now to call the latter “ provinces.” 

Marshall (1919), who appears to have misimderstopd the argument, states, 
“ I can reasonably hold that no proof has been given of these vsupposed 
local diastrophic movements in New Zealand, and I can quote the Oamaru 
district, at least, one in which the Tertiary strata are continuous over a 
large district without any indication of being affected by local diastrophic 
action.” It is evident that I stated the argument too briefly by omitting to 
define more explicitly the diastrophic provinces. This omission I remedied 
last year (1919, p. 310), when I defined the provinces of. the east coast of the 
South Island. The Oamaru geographical district, which is understood as 
comprising the coastal area between the Kakanui and Waitaki Rivers, but 
excludes Shag Point, forms, with the adjacent Waitaki, Waihao, Pareora, 
'Kakahu, and Mount Somers districts, a diastrophic province exfjending ftom 
* the Kakanui to the Rakaia Rivers, and I quite agree with Marshall that 
within it there is no diversity of diastrophism exclusive of local volcanic 
phenomena. Excluding the variations due to the development of volcanic 
rookSi found chiefly in the Oamaru and Moimt Somers districts^ the stoti- 
graphical sequence and fossils of these districts are almost id^ticid. The 
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diastropMc History of the whole of this province appears to have been as 
follows : Emergence of the pre-Notocene rocks during Clarentian, Piri- 
j)auan, and Kaitange<tan, ending with peneplanatioh ; snbmergeni^ with 
sedimentation in the Ngaparan or Waiarekan, attaining its maximum ' 
the Ototaran ; a. cessation of sedimentation before the deposition of the^ 
Hutchinsonian, perhaps due to standstill of land and sea, during which a ^ 
pKosphatization of the upper surface of the Ototara limestone took place.'; . 
gradually shallowing of the sea during the Hutchinsonian and Awfimodn, 
followed by emergence at the end of the Awamoan ; deposition of terres- 
trial gravels during ,the Wanganuian ; block-faulting, with tilting of the 
Oamaruian and Wanganuian beds about the close of the Wanganuian. • 

The Middle Waipara and Weka Pa^s district, on the other hand, forms 
part of a diastrophic province extending from the Rakaia River to Kai- 
koura Peninsula. The stratigraphical sequence is not so const^n%as in the 
southern province, owing to an overlap traceable in the older beds, and 
there are still large parts of the prdvince that have not been described in 
detail. The diastrophic history appears to have been as follows : Emer- 
gence of the pre-Notocene rocks during the Clarentian, without complete 
attainment of peneplanation ; partial submergence and sedimentation 
during the Piripauan and Kaitangatan, with progressive overlap on, the 
diversified surface ; a cessation of sedimentation before the deposition of 
the Oamaruian, probably due to a standstill of land and sea, during which . 
a phosphatization of the Amuri limestone took place ; renewed depression 
of the Amuri limestone and the old land, leading to an overlap of the Weka 
Pass stone over the Piripauan and Kaitangatan on to the now peneplaned 
pre-Notocene (lower Oamaruian) ; shallowing of the Oamaruian sea with 
oscillations of movement during which the “ grey marls '' and Mount Brown 
limestones' were deposited, with interformatioqal unconformities (upper 
Oamaruian) ; uplifts, perhaps of the nature of block niovements, exposing 
fresh areasrof pre-Notocene rocks to rapid erosion, with deposition, of the 
Greta beds (early Wanganuian) ; uplifts, with folding or tilting and erosion 
(»f the whole marine Notocene, and deposition of the terrestrial Kowhai beds 
(late Wanganuian) ; block-faulting about the close of the Wanganuian, with 
renewed folding or tilting of both the marine and terrestrial Notocene series. 

The diastrophic histories of these two areas are thus seen to be markedly 
dissimilar. In the northern province marine beds, both older and younger, 
ar(‘ developed which have no coimterpart in the southern ; the nature of 
the beds of correlative age (Oamaruian) is different in the two areas ; and 
the relationship of certain beds is different. The greatest difficulty in the 
geology of each arCa is the nature of the conditions which permitted phos- 
phatization of the upper surfaces of certain limestones. Whatever these 
(conditions were, they happened at different times in the two provinces. 
The stratigraphical unity within the boundaries of each province, and the 
diversity between the two, are salient facts that demand recognition. 

Two of the classifications proposed for the yoimger rocks of New Zea- 
land have failed to recognize the existence of the diversity of stratigraphical 
and diastrophic history in the above and, other provinces viz., the 
Cretaceo-Tertiary classification of Hector and the single rock-series classifi- 
cation of Marshall. In each of these a supposed uniformity of stratigraphy 
has been assumed by the mistaken correlation of the Amuri and Ototara 
limestones. The majority of the other ’classifications — those of Hutton, von 
Haast, Park. Morgan, and Woods — recognize the distinctness of these lime- 
stones, and therefore part at le£^t of the diversity of the above provinces^ 
but explain the facts 'by postulating important earth-movements between 
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different members of the series, causing unconformities of regional classi- 
fieatory value. They fail, however, to recognize the grander fact that all 
the younger rocks were deposited in a period of relative crustal inactivity 
between the epochs of major diastrophism, and on this account should 1^^ 
grouped into one grand system. This is recognized in the classifications 
of Marshall and Thomson. Each of the above types of classification will 
now be examined in detail with regajrd to its applicability to the palaeonto- 
logical and stratigraphical facts brought out in this paper, and in relation 
to the explanation it offers for the diversities exhibited in the three main 
diastrophic provinces of the east coast of the South Island. 

The Cretacbo-Tbrtiary Formation of Hector. 

It has been stated by Park that the theory of a conformable succession 
bridging tfce gap between the Cretaceous and Tertiary in New Zealand 
was first propos^ by Hutton, but later abandoned by him, and was after- 
wardsttaken up by Hector. I have failed to discover the evidence for this 
statement in any of the published writings t)f Hutton, though Hector (1892) 
states that when he used the term “ Cretaceo-Tertiary ” in 1877 it was a 
revival of a term which had been in abeyance for some years. Hector’s 
adoption of the formation in 1877 appears to be a direct outcome of the 
vie^ys hef always held as to the Mesozoic age of all the coalfields in New 
Zealand. Thus when Provincial Geologist of Otago he classed the marine 
rocks of Oamaru, Hampden, Caversham, &c., imdef a Tertiary Oamaru 
series, but the coal-measures of Eaitangata, Clutha, Shag Point, &c., under 
a Carbonaceous series, and considered it as possibly upper Mesozoic. 

In 1870, after he had visited the Waipara district, the North Canterbury 
rocks now included in the Notocene were grouped by Hector in the Cata- 
logue of the Colonial Museum as follows : — 

/B. Upper or series .. .. Motunau, Lower Gorge of the 

Waipara River. 

C. Middle or CiLCullaea series . . . . Waikari, Lyngdon, Hurunui 

Tertiary J . Mound,' Upper Trelissick. 

D. Older or Ototara series . . . . Deans, Weka Pass, Curiosity 

Shop, Selwyn River, Low^er 
Trelissick. 

E. Leda marls or Aotea series . . . . Conway River, Waiau*iia. 

Mesozoic • F. Chalk and chalk marls . . . . (Amuri Bluff). 

G. Ferruginous sandstones or Waipara series Boby’s Creek, Culvcrden. 

'In this grouping of the Leda marls (which subsequently were termed the 
“ grey marls ”) with the Chalk or Amuri limestone and the Waipara series in 
the Secondary as opposed to the Mount Brown beds of the Deans in the 
Older Tertiary, the Cretaceo-Tertiary formation was clearly foreshadowed. 
In 1877 Hutton included the “ grey marls ” in his Oamaru system, and the 
Amuri limestone and imderlying beds in his Waipara system. Hector 
(1877a), in domrnenting on Hutton’s paper, rejected Hutton’s classification, 
and in a table of beds of Amuri Bluff included the “ grey marls ” and fucoidal 
limestone (Weka Pass stone) with the Amuri* limestone in a Chalk .group, 
recognizing also two lower groups, which he named the Greensand group 
and the Amuri group. In the following volume of Reports of Geo^ical 
Explorations (1877b) he used the name of Cretaceo-Tertiary formation 
for a part of the sequence in the Kaipara district, and in the following 
volume again (1877c) it appeared for the first time in a general table of 
New Zealand formations, though not in its final form. The following table 
shows the various names applied to the divisions or series of the formation . 
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The beda below the black grit of Amuri Bluff were placed in a distinct 
liower Greensand formation, and the horizon of the black grit was corre- 
lated with the »coal-beds of the Waipara and all the other chief coal- 
measures of the country. This had the effect of removing from the Cretaceo- 
Tertiary formation the ammonites, . belemnites, Trigordde^ &c. found so 
abundantly in the calcareous conglomerate of Amuri Bluff. In 1892 Hector 
admitted that the Lower Greensand formation could not be maintained as a 
distinct formation, and considered it a local expansion of the Ostrea bed of the 
Waipara district, a view later demonstrated to be correct by Woods (1917). 

Hector’s Cretaceo-Tertiary theory rested on two claims : first, that all 
the rocks of the Waipara district from the qgal-measures up to and in- 
cluding the “ grey marls ” formed a single conformable “ formation ” and 
palaeontological unit, and were separated; from the overlying Mount Brown 
beds by an unconformity; and, secondly, that all thf important coal- 
measures in New Zealand, together with the conformibly. associated rocks, 
belonged to the same formation.” 

As regards the first claim. Hector appears n^ver to have studied the 
contact of the Amuri limestone and Weka Pass 8t|)ne carefully. In his 
first account of the district he did not discriminate between the two rocks, 
and after Hutton had made the distinction, and had claimed the contact as 
an unconformity, emphasizing its palaeontological importance as a plane 
above which no CretaceOus fossils ranged, and below which no Tertiary 
fossils occurred, Hector apparently made no special study of the contact, 
and was content to rely on McKay’s attempts to combat Hutton’s criticisms. 
He insisted strongly, however, on the existence of an unconformity between 
the ‘‘ grey marls ” and the Mount Brown beds, publishing a map of the 
Weka Pass in support of his contention. The map was, however, little 
more than a diagram, and does not appear to have been based on a detailed 
survey. Hector was either unaware of, or ignored, the range of Tertiary 
MoUusca above and below the unconformity, and made no attempt to 
analyse their range, coiitenting himself with a statement of characteristic 
species from the Cretaceo-Tertiary and higher fomiations, species which 
are now known to have a considerable range above or below the rocks he 
included in each formation. 

McKay (1887a) made a more serious aittempt to meet Hutton’s criti- 
cisms. He reaffirmed the conformity of the two rocks on the ground of 
their parellelism of dip and strike,' and attributed the so-called shattering 
of the Amuri limestone to jointing and a subsequent working-down of the 
loose greensand into the joint-planes. He endeavoured to refute Hutton’s 
statement that pebbles of Amuri limestone were enclosed in the Weka 
Pass greensand by publishing an analysis of a phosphatic nodule as a proof 
that all the siq)posed pebbles were concretions, and he made a very strained 
comparison of the pebbles with concretions in the 'Waipara greensands. 
Prom later analyses it is now clear that the analysis quoted by McKay 
referred to one of the phosphatic concretions found rarely near the contact, 
and not to the majority of the supposed pebbles, which are only slightly 
phosphatized, and are undoubtedly fragments of Amuri limestone. McKay 
also published an analysis of Amuri limestone which showed a high per- 
centage of insoluble residue described as sand, and argued from this that 
Hutton’s statement that the Weka Pass stone overlapped the Amuri limestone 
Oil, to the old rocks on the neighbouring Mount Alexander Range had no 
significance, as a sandy limestone might easily pass in a few miles into a 
sandstone. Here again McKay’s analysis has been shown by later chemical 
study not to be typical of the Amuri limestone. In answer .to Hutton’s 
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contention that no Tertiary species were found below the coittiK^t McEny 
published a list of Tertiary species found below the Amuri li^si^ne in 
North Canterbury and Marlborough. As no descriptions or^gu^ of ^ 
these species were supplied, and as the statement rested solely' on McKay 
identifications, it did not gain acceptance, and Woods’s later study of tke 
Cretaceous Pelecypoda does not bear it out. It should be noted, however, 
that Henderson (1918) collected a shell from beds below the Amuri liine? 
stone of the Cheviot district which was determined by Suter as MaUetm 
australis (Q. & G.). The existence of a fiw of the wide-ranging Oamaruian 
Mollusca below the Amuri limestone would not -excite surprise, and, though 
invalidating the abflJJute truth of Hutton’s contention, would not destroy 
the truth of the claim that the faunas knoym from the rocks above and 
below the contact are characteristically distinct. Hector’s first claim, that 
the Cretaoeo-Tertiary formation is a satisfactory unit in the classification 
of the Waipara sequence, has been destroyed by Hutton’s criticisms, rein- 
forced by later studies. 

It should be noted that von Haast adopted a grouping of the rocks 
different from those of both Hector and Hutton, and included all the beds 
from the coal-measures to the top of the Weka Pass stone in a Waipara 
system of Cretaceo -Tertiary, age. The correlations he claimed for this 
systeni were those of Hutton’s Waipara system and not those of Hector’s 
Cretaceo-Tertiary formation. Park also in 1905 adopted the same grouping 
as von Haast for his Cretaceous Waipara system, in the mistaken belief that 
the Weka Pass stone contained no Tertiary fossils. Hutton’s criticisms, 
reinforced as above, are equally valid against these groupings of the Wai- 
para rocks. 

Hector’s second claim for the correlation in the Cretaceo-Tertiary for- 
mation of all the important coal-measures rested on the following general 
argument . 

“ In northern Canterbury, as far south as the Rakaia River, the coal 
ro(iks are overlaid by fossiliferous strata, which, besides the Plesiosauroid 
reptiles for which the Waipara district is famous, contain a few secondary 
genera, such as Belemnites, Aporrhais, Inoceramus, and Trigonia ; but the 
great mass of the associated molluscan fauna agrees with that of the coal 
rocks in other parts of New Zealand, while the specially Cretaceous forms 
are rare or absent from the fossiliferous horizons immediately overlying the 
coal-seanjs. If, therefore, after eliminating the compaxatively few fossils 
which form the peculiarities of two localities, the bulk of those remaining 
are found to be the same, there need be no hesitation in consideiing strata 
showing the same succession of like characters in its different divisions as 
belonging to the same series ; and, if in any one of these localities there is 
evidence that the beds are of Cretaceous age, the other must be regarded 
as of that age also. But if, in addition to this, there be, in those localities 
where the lower beds lack fossils provmg their Cretaceous age, a presence 
of Ci-etaceous forms in the higher beds of the same series, the correct- 
ness of the correlation will in this way be corroborated. It is partly by 
evidence of this kind that the Cretaceous age of several of our coal-bearing 
areas is sought to be established. 

“ In South Canterbury, on the east coast of Otago, and bn the west 
coast of, the South Island markedly, Cretaceous fossils ar^ found in the 
calcareous members of the higher part of the coal-bearing series. The 
Cretaceous character of the Echinoderniata found in the Cobden limestone^ 
also present in the Ototara dtone, warrants the reference of these beds to 
a period anterior to that of any Tertiary deposit in the Islands, the oldest 
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of which is at' least Middle Eocene, and separated by an unconformity 
from the^underlying beds. To distinguish this latter the term ‘ Cretaoeo- 
Tertiary ’ has been made use of, as it is believed that the series bridges 
over the gap which separates the Lower Eocene from the Cretaceous rocks 
of Europe.” (Hector,. 1882, pp. xxii-xxiii.) 

Park (1888a) in comnaenting on the stratigraphical and palaeontological 
difficulties in the correlation of two distinct groups of beds, “ the one 
characterized by a fauna and flora with a distinctly Tertiary facies, the 
other by forms of an equally pronoimced Secondary type,” put forward 
another argument as accepted by the supporters of the^orrelation, although 
Hector himself does not seem to have used it in his 'writings : “ The rela- 
tion existing between these two groups has not b^en very satisfactorily 
determined, but they are at present supposed by the Survey to be in a 
manner horizontal equivalents — that is, the result of contemporaneous 
deposition, the Tertiary strata being taken to represent the shallow- water, 
and the Secondary strata the deep-water, conditions of the same period.” 

It appears probable also that the fossils of the Selwyn Rapids beds in 
the Malvern Hills greatly strengthened McKay and Hector in their belief 
in the correctness of the correlation of the “ saurian beds ” and Waipara 
greensands with the greensands underlying the Ototara limestone in South 
Canterbury and Otago. The Selwyn Rapids beds lie a little distance above 
an Ostrea bed extremely similar to that in the Waipara district, and the 
nature of the rocks is similar to that of the “saurian beds.” No one has 
ever questioned that the Selwyn Rapids beds belong to a horizon below the 
Amuri limestone. Tho majority of the fossil Pelecypoda, however, belong 
to or closely resemble genera Which are common in the Tertiary, and 
von Haast originally believed the fauna to be a Tertiary one. As these 
beds lie geographically between the North and South Canterbury localities, 
they seemed to offer themselves as a stepping-stone in correlation. The 
Cretaceo-Tertiary formation was supposed for some geographical reason to 
contain fewer distinctively Cretaceous forms as it was traced south. 

The flaw in Hector’s argument, by which it falls to the ground, is the 
incorrectness of his premise that the great mass of the molluscan fauna 
associated with the saurians in northern Canterbury agrees with that of 
the coal rocks in other parts of New Zealand. Woods’s examination of 
the Pelecypod fauna associated with the saurians failed to bring to light 
a single species known from the rocks of the Oamaru and South Canterbury 
or the West Coast coalfields, and there is little reason to suppose that Ibhe 
case will be any better when the gasteropods are described. 

Hutton (1885 B, c) perceived clearly the flaws in Hector’s arguments, 
but his criticisms were weakened by two circumstances. The first was that 
the Upper Cretaceous faunas were not described, apd the only satisfactory 
collections were those of the Geolo^cal Survey, which were inaccessible to 
him. The second was hi^ own mistake in regard to the Pareora system. 
In this he included the Aw^moan beds and all the Otago and South Canter- 
bury localities now correlated in the Awamoan ; but he also included in it 
the Waiareka greensands, the Enfield^ beds, and the Hampden beds, which 
are clearly below the Ototara limestone. He pointed out the distinctively 
Tertiary facies of the faunas of these beds, as opposed to the Cretaceous 
facies of the beds below the Amuri limestone ; but in claiming that these- 
beds lay above the Ototara limestone he gave McKay (1887b) a handle 
for upsetting a part of his criticism, although a part that was not really 
essential to the problem. Consequently Hutton’s criticism of the corre- 
lations assumed by the Cretaceo-Tertiary theory failed to carry conviction 
to Hector and McKay, or to gain general acceptance^ 
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Pfilrk’s revision of the marine Tertiaries (1905) helped to emphasize tii 
purely Tertiary nature of the supposed Cretaceo-Tertiary tocks of ^u^ 
Canterbury and Otago. The recognition by Uttley and Thomson f|914) 
of the infra-position of the Waihao greensands in respect to the Ototara 
limestone, together by the demonstration by Woods (1917) of the purely 
Cretaceous nature of the ^beds below the Amuri limestone in North 
(Canterbury, removed the weaknesses of Hutton’s position. His criticism thus 
reinforced is absolutely destructive of the correlations assumed by Hector. 

The Cretaceo-Tertiary theory thus failed both in its "classification of 
the rocks of the northern province (Rakaia River to Kaikoura Peninsula), 
and in its correlation of the rocks of the southern province (Kakanui River 
to Rakaia River). By falsely correlating Piripauan with Waiarekan rocks 
it failed to recognize the diversity between these two provinces. It. 
failed also, owing to false correlation of the Piripauan and Clarentian rocks, 
to recognize the diversity between the northern of these two provinces 
and that extending from the Hapuku River to Cape Campbell. The 
(Vetaceo-Tertiary theory of Hector must be absolutely discarded. Until 
wc have new accounts of all Notocene localities, however, it will be necessary 
for the student to have a clear understanding of Hector’s classification 
and its fallacies, because for many localities McKay’s accounts of the. 
stratigraphy are still the only or" the best accounts available, and they are 
all couched in terms of this classification. 


Hutton’s Classification and its Successors. 


Hutton’s fijial classification (1900) 
differed little from that he proposed 

Cainozoic system — 

Wanganui series 
Glacier epoch 
Pareora series 
Oamaru series 
Waipara system 


of the younger rocks of New Zealand 
in 1872, and was as follows : — 

. . Newer Pliocene. 

, . Older Pliocene. 

Miocene. 

. . Oligocene. 

Upper Cretaceous. 


His views of the diastrophic history during these periods are contained 
in the following extracts : “ About the middle of the Jurassic period 

folding of the rocks [of the Hokonui system] occurred*^ along the same 
north-east and south-west axis ; the Alps were formed, and the present 
land of New Zealand may be said to have been bom, for since then it has 
never been submerged. ... In the Upper Cretaceous the land sub- 
sided, and New 2!k?aland was reduced to comparatively small limits. . . . 

A little before the commencement of the Tertiary era the rocks were folded 
once more, the Jand rose again. . . . This was the last folding of rocks 

in New Zealand on an extensive scale, for all the younger rocks usually 
lie in the same position in which they were originally deposited, and circle 
round the bases of the hills formed by older rooks. Not only was the last 
touch giv^en in the Eocene period to the internal structure of the mountains, 
but the chief valleys were also deeply scoured out, so that when the land 
sank again in the Oligocene period these valleys were filled up with marine 
limestones and other rocks. The Oligocene and Miocene were periods of 
depression separated by a slight upheaval which lasted only for a short 
time. . . . In the older Pliocene came the last great , upheaval. All 
the islands were joined together^ and the land stretched away to the east 
and south. ... On the mountains of^the South Island large glaciers 
were formed, and the torrential rivers running from them tore into discon- 
nected fragments the Miocene marine rocks which obstructed their valleys, 
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.* . Subsidence seems to have commenced first in the southern portion 
of the North Island. ... At a later date sinking began in the South 
Island also. . . . This sinking has again been followed by an elevation 

of all parts of New Zealand, the centre of the North Island rising as a large 
fiat dome, on the summit of which ^tand Ruapehu and Tongariro ; whue 
the South Island has also been elevated several hundred feet. And this 
elevation appears to be still going on.” 

Hutton excluded the Greta beds from his Wanganui series, and thus 
did not recognize one of the factors distinguishing the North Canterbury 
from the South Canterbury and North Otago diastrophic province. The 
explanation his classification gives for the other differences between the 
two provinces depends on extensive folding between the periods of deposition 
of the Waipara system and the Oamaru series. ' 

Speight and Wild (1918) Have amply de]paonstrate3. that there was no 
extensive folding between the deposition of the Amuri limestone and the 
Weka Pass stone, and the palaeontological evidence shows that the gap 
between the two rocks is not nearly so extensive as Hutton supposed. Park 
(1905) claimed that the Pareora series was an integral part of the Oamaru 
series, and Uttley and Thomson (1914) and Gudex (1918) have demonstrated 
that it forms the upper part; Hutton’s slight upheaval between the two 
series (Oamaru and Pareora) was postulated owing to a misreading of the 
stratigraphy of the Waihao district, and has no existence in the sense in 
which he claimed it, though there is probably a disconformity below not 
the Awamoan but the Hutchinsonian. 

The great flaw in Hutton’s scheme of classification was, however, his 
failure to recognize the magnitude of the post- Wanganui movements, the 
KaikcTura orogenic movements, the demonstration of which we owe to 
Cotton (1916). Owing to his exclusion of the Greta and Awatere beds 
from his Wanganui series and their correlation in his Paeroa series, Hutton 
postulated a great upheaval after the latter, followed by a glacial epoch, 
and a subsidence during which the Wanganui beds were deposited, with 
a later elevation. We now know that thei great upheaval culminated 
after the deposition of the Wanganui beds, and that to it arc due many 
of the effects which Hutton referred to the post-Hokonui folding. Hutton, 
therefore, failed to recognize the necessity of grouping his Waipara and 
Cainozoic systems into one grand one, sharply distinct from all others in 
New Zealand, and, while there are great elements of value in his classification 
and correlations, his scheme must be profoundly modified. 

Park (1905) corrected two errors in Hutton’s work — viz., the un- 
necessary separation of the Pareora and Oamaru series, and the mistaken 
correlation of the Greta and Awatere beds in the Pareora series ; but he 
retained the major faults of Hutton’s scheme — viz., the erroneous con- 
clusion as to extensive folding between the Waipara and Oamaru systems, 
and the failure to recognize the bearing of the Kaikoura orogekic movements. 

Morgan (1916c) proposed a general classification of the younger rocks 
as follows : — 

Pliocene. » 

Local unconformities. 

Upper Miocene. - 

Probable local unconformities. 

Middle and Lower Miocene. 

Uncouformity. 

Eocene. 

Unconformity (?). 

Cretaceous (with possibly some early Tertiary strata). ; 
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He considered that from the Middle Miocene to the Pleistocene differeh- 
tial movements in some part or another of New Zealand “Vere almost 
constantly in progress, and consequently that a series of local irtrati- 
graphical breaks exists, no two of which are exactly synchronous, but t^^t 
in all parts of New Zealand there is a decided xmconformity at the base of 
Hutton’s Oamaru system, or series. So far as the facts under discussion are. 
concerned no serious criticism of this scheme can be made, except thkt the^ 
rocks he terms “ Lower Miocene,” which include the base of the Oamaruian, 
are probable Eocene. ‘ » * 

Woods (1917) has not proposed any general classification of the younger 
rocks other than Cretaceous, but speaks of the “Cenomanian overlap” in 
the Clarentian, and the Senonian transgression in the Piripauan, correlating 
these two periods of local sea-advance in New Zealand with world-wide 
transgressions. If these transgressions were considered to result solely from " 
differential movements of seadevel their localization in parts of the New 
Zealand area would have to be ascribed to original differences in relief. As 
a matter of fact, Woods also admits differential movements of the land- 
surface, for he postulates an uplift in east Marlborough after the Lower 
Utatur (Clarentian) period, since the Middle Utatur beds are not, known to 
be represented there. Woods considers the Amuri limestone as probably 
Eocene and unconformable to the Cretaceous, and therefore presumably the 
result of a third transgression. There is, however, no stratigraphical evidence 
for imconformjty below the Amuri limestone either in the Waipara or at 
Coverham, and the much greater thickness of this rock at Coverham receives 
no explanation. 

Marshall’s Classification. 

Marsliall has successfully demonstrated the general fact that the younger 
rocks in most localities form an accordant series, without important angular 
unconformities between the various beds, and, further, that the beds in any 
one locality are those of a sedimentary cycle with progressive characters of 
depth of deposition towards the middle limestone members. He claims for 
these that they are not merely general facts but universal facts for the New 
Zealand area ; that there were no differential land-movements during the 
d<q)osition of the beds ; that the lack of angular unconformities proves the 
absence of palaeontological disconformities ; that there is only one main 
limestone in the series in any one locality ; that it was deposited at the 
})eriod of maximum submergence, and consequently that the limestones are 
correlative in all areas ; and that the localization of the various beds, or, in 
other words, the differences between the provinces I have defined above, can 
be explained solely by overlap on a surface of high relief. All this is claimed 
in support of his classification of all the younger rocks as a completely 
conformable en^mble in the Oamaru system, ranging in age from ^nonian 
to Pliocene.. 

Most of these claims are open to serious criticism. Angular imconformities 
are rarely seen, but are nevertheless not absent ; while palaeontological 
disconformities are also present. For instance, in the Kaiwhata River, 
east Wellington, there is a conglomerate containing boulders of Cretaceous 
sandstones, greensands, and basalts, ^ similar to those outcropping near by, 
and also boulders of shell-rock, apparently derived, containing Oaiharuian 
fossils, including Pecten huttoni. The conglomerate has a mudstone matrix 
and passes up into mudstones. .^There is obviously an unconformity here 
between two members of the younger rock-series. Morgan and Hendersem 
have described unconformities in numerous places, and it cannot reasonably 
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be doubted that they occur* Disconformities, or planes represeifting periods 
of standstill and non-deposition, are also Ioioto — e.^., that between the 
,Weka Pass stone and Amuri limestone, and that between the Hutchinson 
Quarry beds and Ototara limestone. The probability of a palaeontological 
disconformity between the Greta beds and the Mount Brown beds has been 
discussed above. Important differential earth-movements were certainly 
opertitive in the production of the great Marlborough conglomerate. There 
is more than one limestone in^ North Canterbury and in North Auckland — 
in the Waipara there are the Amuri limestone, the Weka Pass stone, 
and the Mount Brown limestones. The main limestones are of different ages 
in various localities^ and there are at least three distinct calcareous horizons 
in the younger rocks — ^viz., those of the Amuri limestone, the Ototara lime- 
stone, and the Wairarapa limestone — with possibly a fourth in the Takaka 
limestone, each of these rocks representing in their respective localities the 
period of maximuip submergence. The claims made by Marshall for his 
Oamaru system are not Justified on the facts. 

Marshall has not elaborated the possibilities of simple overlap, combined 
with subsequent (Kaikoura) differential movements, in explanation of the 
localization of various beds, and it will be instructive to do so. I am 
indebted to Dr. J. Henderson for this suggestion. According to this hypo- 
thesis, if the sea-bottom seaward of the Oamaru district were to be uplifted 
and dissected it would reveal in the seaward part a sequence like that of the 
Clarence Valley, followed inland by one like that of the Waipara, with 
finally the Oamaruian sequence farthest inland. The Oamaru district differs 
from the Waipara and Weka Pass district, and that in turn from the Clarence 
Valley, in that it has not been so much uplifted by the Kaikoura movements. 
The Waipara district should be succeeded inland by an area similar to the 
Oamaru district, if erosion has not destroyed it. This is probably the case, 
for the Piripauan and the Amuri limestone are unknown on the Chilverden 
side of the Hurunui-Waiau depression where Oamaruian beds are found. 
As the sea commenced to withdraw again after the maximum overlap in 
the Oamaruian, the lower Wanganuian beds should not be found so far 
inland as the Oamaruian ; and this too is the case, for the Greta beds are not, 
so far as I know, foimd inland of the Amuri limestone. Similarly, in east 
Marlborough, the Clarence and Awatere Valleys with their Clarentian beds 
should be followed inland by an area like the W^'aipara with Senonian beds 
and Amuri limestone, and this in turn by an area like Oamaru. The latter 
may be represented by the Picton area, but the Senonian intermediate area 
is missing. Towards the upper Clarence any such beds might have been • 
destroyed by uplift and erosion, but in the upper Wairau they should surely 
have been preserved. Again, the Clarence Valley area should preserve not 
only theUower Wanganuian as well as the Oamaruian, but also the upper 
Wanganuian, which is not the case. 

^ The arrangement of the three provinces along the coast-line, with the 
Waipara type ^between the Oamaru and Clarence Valley types, is again in 
accord with the hypothesis ; but this demands a progressively greater eleva- 
tion of the two northern areas either by warping or by block-faulting. This 
is found in east Marlborough, but there is little evidence of it in North 
Canterbury. 

It will thus be seen that this hypothesis that simple overlap with sub- 
sequent differential elevation is the cause ol the present localization of the 
various types of stratigraphical sequence is in accord with many of the facts, 
but by itself cannot satisfactorily explain them all. It does not explain, 
for instance, why the lower Wanganuian beds are confined within the 
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boundaries of the Oamanuan overlap in North Canterbury, but transgress 
these bounds in the lower Awatere Valley. "Difierential earth-mo venaents 
during the NotoceUe must also be invoked to explain the facts of distribution 
as well as those of the relationships of some of the superposed series of rocks. 

Marshall (1919) has combated my criticisnois of his use of the iJerm 
“ Oamaru ” for his system, and, as the nomenclature of the younger rock- 
series as a totality is a matter of considerable importance, it seems advisable 
to critize further his reasons for wishing to retain the term. 

'‘'1. Historical: (a.) The locality is the one from which the first col- 
lections of* fossils in New Zealand was made.’’ Actually the first fossils 
mentioned in geological literature were those collected by Dieffenbach in 
the Chatham Islands, and at East Cape, Parengarenga, Kawhai, and 
Whangaroa. These were determined generically by Gray, as mentioned 
in Dieffenbach ’s Travels, Man tell also observed fossils in the Wanganui 
district before he visited Oamaru. 

“ (6.) Hutton’s Oamaru system included nearly all the strata in the 
district, and his Oamaru system includes the majority of the rocks classed 
in the Oamaru system by me. The retention of the name will serve to keep 
alive the memory of the man who did so much spade-work in the palaeonto- 
logy and stratigraphy of New Zealand.” It is true that Hutton included 
nearly all the rocks of the Oamaru district in his system, but he excluded 
the Awamoa beds. His system did not include the Shag Point beds of the 
Amuri limestone and .underlying beds, which are included by Marshall. 
If the Clarentian is also included by Marshall — and I fail to see how any 
consistent grounds can be found for excluding it — then in the Clarence 
Valley area his Oamaru system will embrace more /than seven times the 
thickness of the beds which in that area correlate with Hutton’s Oamaru 
system.* Hutton’s name will live for his spade-work in palaeontology and 
his clear r(*a8oning in stratigraphy without the retention of the Oamaru 
system, and it is difficult to see how an extension of his system to embrace 
the Waipara system can be considered otherwise than as a desire to forget 
his memory, since he spent nearly thirty years of his life in endeavouring to 
secure recognition for his separation of the two systems. 

“3. In the Oamaru district there is a fuller development of the various 
strata of a fossil -bearing nature than elsewhere.” To establish this Marshall 
includes in the Oamaru district the whole area between Shag Point and the 
Waihao River, although it has hitherto included only the area between the 
Kakanui and Waitaki Rivers. But, granting this, he quotes the Wharekuri, 
AVailiao greensands, and Bortonian as separate horizons, although it is more 
than probable that they are about the same. The Oamaru district, thus 
conceived, includes only Piripauan, Kaitangatan and Oamaruian rocks, 
whereas the Waipara district includes all these together with the overlying 
fossiliferous Greta beds (Waitotaran) and unfossiliferous Kowhai beds 
(perhaps Castlecliffian), while the Clarence Valley possesses a still fuller 
sequence. No single locality, however’, has the complete sequence of the 
younger rocks. 

Marshall has countered by suggesting that “ Notocene ” should mean 
either that this is the farthest southern point where such rocks have been 
found or that the formation is common to southern latitudes. In science 
a term takes the meaning its author gives to it, and my definition of 
“ Notocene ” is perfectly explicit. 

* Thi^ is admitting the Clarentian as 3,000 ft., the Amuri limestone as 000 ft. 
(both low estimates), and the Weka Pass stone and “ grey msTrls ” as 700 ft. (a high 
estimate). 
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DIASTROPHIC HISTORY OF THE EAST COAST OF THE SOUTH ISLAND. 

Although my proposal of the t^rm “ Notocen^ was made before all 
the facts brought out in this pamper were known to me, the reasons which 
I advanced for this grouping of the yoimger rocks were stated in terms 
sufficiently general to admit of considerable latitude in detail, and the new 
facts do not in any way invalidate the usefulness of the Rouping, All 
the Notocene rocks in the three provinces in the eastern part of the South 
Island were deposited between the two eras of major (mountain-building) 
diastrophism, the post-Hokonui (early Cretaceous) and Kaikoura (late 
Pliocene or Pleistocene) orogenic movements. That the intervening period, 
during which the Notocene rocks were deposited, was one of relative 
crustal stability is proved by the general accordance of the Notocene rocks 
and the absence of planes of acute angular unconformity. Not only was it 
not claimed that there were no unconformities or disconformities, or that 
there were not minor diastrophic movements during this period of relative 
stability, but the existence of the latter, in combination with differential 
movements of sea-level, was . postulated to explain the stratigraphical 
diversity of the various provinces. 

An attempt may now be made to analyse more closely the succession 
of events which gave rise to the main elements of the stratigraphy of 
the three provinces. That there were world-wide transgressioris and 
regressions of the sea during the period from middle Cretaceous to the 
present day cannot be doubted, and these must have left their trace in 
New Zealand. The areas affected by these eustatic movements, however, 
are not the same for each movement, consequently there must have been 
also differential movements of the lithosphere in the Notocene. , Moreover, 
there seems to have been a tendency, up to the close of the Oamaruian 
at least, for the sea to keep possession of the area it gained from the land, 
suggesting that the area was prepared for the transgression by a down- 
. warping movement which continued in the same area from one transgression 
to another. 

The first transgression, the “Cenomanian overlap,’’ covered only a part 
of east Marlborough, now occupied by Clarentian rocks. A subsequent 
regression is perhaps indicated by the thinning-out of the Amuri limestone 
towards the old shore-line in the neighbourhood of the Bluff Kiver and 
Herring River, but in the Coverham area deposition appears to have gone 
on uninterruptedly until the upper Oamaruian. I formerly suggested 
that the Clarentian sea gradually enlarged its borders and that the basal 
Notocene beds in the Puhipuhi Mountains would prove to be intermediate 
between Clarentian and Piripauan. This hypothesis has not yet been 
tested. The next transgression, the Piripauan (Senonian), affected a large 
area between Kaikoura Peninsula and the Rakaia River, attaining its 
greatest penetration of the present land in the latter neiglvbourhood. 
That the surface at this time was still fairly diversified seems to be proved 
by the overlap of the various Piripauan beds in the Waipara district. 
The Piripauan sea still covered the area of the Clarentian transgression, 
there depositing the basal beds of the Amuri limestone, but the fresh area 
gained from the land was considerable. 

The Piripauan rocks are succeeded, appar^ently without any strati- 
graphical break, by the Amuri limestone, the deposition of which demands 
a clear sea of considerable depth. The area occupied by this limestone is- 
however, closely restricted within that occupied by the Piripauan beds, 
and there is no overlap over the Piripauan recorded except for the very 
slight one I have described east of the Weka Pass. Indeed, the Amuri 
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limestone is absent from part of the Piripauan area— viz., the Malvern 
Hills — andy according to Chapman’s determination of the age oi the 
supposed Amuri limestone /of the Trelissick Basin, from that area also. 
Whether this absence is due simply to the replacement of calcareous 1)y 
clastic deposits •on , approaching the shore-line, or to local uplifts, remams 
uncertain. If the former were the case a littoral fauna of different age 
from the Piripauan should be found. What remains certain is that the 
Amuti limestone sea did not appreciably widen its borders over the Piri- 
pauan sea, though it was probably deeper, and consequently we cannot 
speak of a Kaitangatan transgression in North Canterbury, but must 
suppose that the Piripauan sea was deepened, without being extended, 
by local downwarping or block-faulting. 

The succeeding Oamaruian rocks, which can hardly demand as deep 
a sea as the Amuri limestone, transgress ^ widely over the latter formation 
to the west and south, and the extension of the sea-margin thus indicated 
was not a gradual one but a sudden one. The surface of the land before 
this transgression ia known to have been of very low relief — i.e., a peneplain 
— and the attainment of such a surface demands a period of standstill of 
the strand-line.* This is in accord with the contact between the Weka 
Pass stone and the Amuri limestone, which represents a period during 
which de})osition practically ceased, perhaps by a shallowing due to 
regressions, and boring and solution of the upper surface of the Amuri 
limestone took place. The general lithological similarity of the Oamaruian 
beds of South Canterbury with the Piripauan beds of .North Canterbury 
suggests similar conditions of coastal relief, so that, although there is direct 
evidence for a sufficiently diversified surface during the Piripauan to admit 
of overlap, the relief must have been small. Consequently the period of 
time required for peneplanation during standstill of the strand was probably 
not great. The significance attached to the contact between the Amuri 
limestone and Weka Pass stone by Hutton and Park, as representing a 
jjeriod of u})Iift and great erosion, was a mistaken one, and the time interval 
l)(dw(‘en the two rocks was very much less than they supposed.* Never- 
theless the contact was' a correct one to choose for classification, and 
Hutton’s Waipara and Oamaru systems are two well-defined natural 
divisions of the rocks in North Canterbury, whereas Hector’s Cretaceo- 
Tertiary formation was an unnatural one. 

Th(^ Oamaruian transgression and regression were not perfectly regular 
t astatic movements with the Ototara limestone as the middle member 
re])resenting the period of maximum depression of the land. The contact 
between the Ototara limestone and the Hutchinson Quarry greensand is 
very similar to that between the Amuri limestone and Weka Pass stone, 
and was probably due to a similar cause — viz., a sudden shallowing of 
tlio sea, followed by a period of standstill, There is a similar contact in 
South Canterbury between a lower foraminiferal limestone and an upper 
polyzoan limestone or calcareous sandstone exhibited both at Waihao 
and on Mount Craiginore, in the Pareora district. No palaeontological 
t‘vidence is forthcoming, however, for the correlation of these two phos- 
phatic horizons, and in the Totara Valley, near Pleasant Point, there is 
another phosphatic horizon at the top of the upper limestone. Similarly, in 
the Waipara district, the presence of bored contact between the Weka Pass 
stone and the “ grey marls,” and the unconformities in the latter rocks and 
between them and the lower Mount Brown limestone in the Weka Pass, are 
s\iggestive of considerable oscillation of movement during the Oamaruian. 

♦ I am indebt^ to Dr. Cotton for ealling my attention to this important conclusion. 
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Th^ absence of marine rooks above the Awamoan in South Canterbury 
and North Otago, aj^d the probable unconformity between the Mount Brown 
beds and the Greta beds, suggests a marked regression at the close of the 
Oamaruian. The succeeding transgression of the Greta and Awatere b^s 
affected an area guite different from that affected by the Oamaruian trans- 
gression, these beds being entirely absent from Otago and South Canterbury, 
and in North Canterbury, so far as is at present known, being confined 
within the area of the Piripauan beds. In the Awatere district, however, 
they overlapped the undeilying Notocene rocks on to the pre-Notocene. 
This distribution can hardly be explained as the result simply of a shallower 
transgression, though no doubt it was shallower thah that of the Oamaruian, 
but demands differential crustal movements for its explan j.tion — viz., 
upHft in the south preventing transgression of the sea ; uplifts to the west 
in North Canterbury restricting the area of the transgression and exposing 
a surface of pre-Notocene rocks of marked relief to erosion resulting in the 
gravels of the Greta beds ; and subsidence in the Awatere area. Differential 
crustal movements at about the same or a slightly earlier peripd are also 
Remanded in east Marlborough by the presence of the great Marlborough 
"conglomerate. Park’s separation of the Greta beds under the Wanganui 
system in 1905 was a correct classification. 

The Greta transgression was brought to an end by earth-movements 
which caused tilting of the marine Notocene rocks in North Canterbury, and 
during the subsequent erosion the terrestrial Kowhai beds were deposited. 
Finally came the major block-faulting of the Kaikoura orogenic movements, 
by which all the Notocene beds weiv warped or tilted and the Southern 
Alps and Kaikoura Mountains came into existence as high ranges. The 
subsequent history comes into the Notopleistocene, and does not fall within 
the scope of this paper. 
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Art. XXXIV . — Additional Facts concerning the Distribution of Igneous 
Rocks in New Zealand: No, 2. 

By J. A. Bartrum, Auckland University College. 

[Read before the Auckland InetitvJte, 22nd December^ 1919; received by Editor^ 31st 
December^ 1919 ; issued separately, 16th July, 1920,] 

Plate XXVin. 

In these notes I wish to record a few identifications of rocks from various 
places, some possessing considerable interest ; others are quite ordinaiy 
types, but none the less it may be useful to have their occurrences placed 
upon record. 

QUARTZ-NOKITE, 

Cleddau-Hollypord Saddle, South-west Otago. 

This rock was gathered, with others, by Mr. R. W. Holmes, Engineer- 
in-Chief, New Zealand Public Works Department, from the Cleddau- 
HoUyford Saddle in 1890. ‘' In section it appeared to contain an unusual 
pyroxene, and after some study was sent to Dr. J. A. Thomson, Director 
of the Dominion Museum, who was so good as to give the rock consider- 
able attention, and who very kindly has handed over to me the results of 
his work. His observations corroborated and considerably amplified my 
own, but unfortunately sufficient information for exact determination is 
not available from the section, and Mr. Holmes was unable to find the 
remainder of the rock from which the chip for sectioning was originally taken. 
I am also greatly indebted to Dr. Thomson for other help, particularly 
for pointing out that a mineral in this same rock, carelessly identified by 
me without full investigation as apatite, is probably zoisite, a fact made 
almost certain by its high index of refraction, straight extinction, low 
polarization tints, distinct biaxial character with high optic axial angle, 
and, so far as I can judge from rather unsatisfactory tests, positive optical 
character. 

The rock itself is a fairly coarse-grained dioritic type showing no out^ 
standing characteristics in hand-specimen. Under the microscope it is 
seen to be a moderately typical norite but for two considerations; fir&t, 
the plagioclase, which slightly excefeds the ferlro-magnesian minerals in 
amount and with these latter comprises practically the whole of the rock, 
is somewhat acid, being in the main andesine-labradorite ; secondly, there 
is distinct acidity, signalized by the presence 'of a littlei interstitial quartz. 
The chemical analysis given below, for which I am indebted to the Dominion 
Analyst, through the courtesy of Mr. P. G. Morgan, Director of the New 
Zealand Geological Survey, fully exemplifies these characteristics, and 
shows that chemically the rock is an intermediate type. Mineralogically, 
however, it is very closely allied to the norites, and for this reason I have 
classed it with them. 

The structure is coarse and even-grained, t^^e ferro-magnesians occasion- 
ally being recognizably ophitic to the plagioclase. Of the former group of 
minerals, one that would ordinarily be identified unhesitatingly as hyper- 
sthene is probably the moslj prominent, whilst pale-green augite and deep 
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Plate XXVIII. 



I’li!. 1. Pl(}. 2. 

Fig. 1. Quarlz-noritc, (Meddau-JIollyford Saddle, illustrating the strueture and the 
mineral relatinnshi])H, The field of the ])hotograph eoineides with a portion 
of the diagrainniatic sketch of the text-figure, and the idc'ntificatioii of the 
minerals is ])ossible from the labelling of that sketch. The enclosure of 
hy])ersthcne by angite is evident at the left-hand (Uid of the horizontal 
diameter, whilst the penetration of the same augitt* crystal by zoisite (dark) 
is also recognizable. The interstitial quartz is very obvious. In tlie Iowtt 
right-hand quadrant it is just jiossible to recognize some fine lamellae of 
augite intergrown with a crystal of hypersthene-like pyroxcuie (dark). C'rossed 
nieols. Magnification, 35 diameters. 

Fio. 2. — Dolcrite, Silverdal(% Auckland. The general o])hitie structure can readily be 
u*cogniz('d, as also the bar-like growths of iron-ore. ('rossed nieols. Magni- 
fication. 20 <liametcrs. 



Fj<n 3. Fjo. 4. 


Fit;. 3. — Basalt, iu?ar old wharf, Ti Point, Whangateau Harbour. A typical olivine 
]>henocryst. fringed by a rim of oxidation, std in a groundmass in which 
augite plays an important part. Ordinaiy light. Magnification, 35 diameters. 

Fig. 4. — Basalt, Ohakune ballast-jut. A central ery.stal of olivine (dark) with wide 
eelyphitic rim of augite (mainly white). Some feldspar laths show up in the 
groundmass, but the olivine laths aiv here inconspicuous owing to clouding 
by haematite, wdiilst abundant vesicles also render the slide dark. Crossed 
nuu)ls. Magnification, 21 diameters. 
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reddi&h-brown biotite are also very common. Reasons will be given later 
for the belief that probably a third pyroxene is also present. The hyper- 
sthene is in fairly idiomorphic crystals, and preceded the augite, whilst the 
biotite is later, for its large fresh crystals poeciliticaUy enclose pyroxene, 
iron-ore, and even quartz grains. The pyroxenes all show imperfect schiller 
structure ; , they are occasionally fringed by a little bright grass-green 
hornblende, which from its association Appears largely resorption-product, 
though perhaps in part outgrowth. Ilmenite is fairly abundant in coarse 
irregular masses, but magnetite also is common. 



Diagrammatic Sketch (x 45) illustrating Relations op Zoisits to other 
Minerals, and General Structure. (See Plate XXVIII, fig. 1.) 

A u. — augite ; Hy, = hypersthene ; PL = plagioclase ; Q. == quartz ; Z. == zoisite. 

Amongst the primary minerals I must finally mention the mineral 
identified at first by me as apatite, but recognized by Dr. Thomson as 
zoisite. It is in occasional rather allotriomorphic crystals up to 0*6 mm. 
in diameter, and one crystal is encased in a zone of iron-ore. In the 
instance portrayed by the figure above' and the photomicrograph of 
Plate XXVIII, fig. I, and in one other, the zoisite is enwrapped (by augite 
in the text-figure) in a manner that makes it certain that it was formed 
before the later stages of crystallization of the rock, and therefore is 
primary. The plagioclase includes occasional rutile needles. 

An Undetermined Pyroxene. 

A number of crystals of a pyroxene were observed in this rock, which 
in many respects greatly resembles hjrpersthene, but from other consider- 
ations I am inclined to believe must be referred to a closely allied mono- 
clinic pyroxene of a series either identical with or analogous to that of 
which the now well-known enstatite-augite is a member. These pyroxenes 
show a microscopic twinning lamination parallel to their elongation, and 
in addition are frequently intergrown with minute plates of obvious mono- 
clinic pyroxene approaching diopside, besides containing irregular inclu- 
sions of this latter mineral. The pleochroism distinctive of hypersthene 

14 — ^Trails. 
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is general, the optical character is negative, and the elongation positive, 
whilst the optic axis.1 angle is small. Most important of all, however, the 
extinction, whilst often nearly straight, reaches generally as high as 6® 
with the composition-planes of the lamellae, and in one or two crystals 
angles of over 15° are got with the cleavage. Were it Aat only one or 
two crystals showed the obliquity of extinction one mi^t suspect some 
inaccuracy of observation, but ^t least eight in the sliSe show it. Further, 
even greater obliquity of extinction, with similar very finely microscopic 
twinning, is shown by nearly a dozen crystals of apparently identical 
hypersthene-like pyroxene in a noritic rock discovert at Milford, and 
described later in this paper (see p. 420). 

In some instances the lamellae are here much broader than in others, 
whilst the extinction angles generally range up to 15°, but in one case up 
to as much as 42°. As a rule, the lamellae extinguish together in the one 
direction, but this is by no means invariably the case. In the Milford, 
as in the Cleddau-HoU^ord rock, there is parallel intergrowth with fine 
lamellae of augite. It may be thought that the crystal in which the 
extinction angles of the lamellae reached 42° exemplifies a similar parallel 
intergrowth with augite, but this is not so, for the lamellae are very dis- 
tinct and comprise the whole mineral, which certainly is not an ordinary 
• monoclinic pyroxene, for it is optically negative and has the distinct 
hypersthene-like pleochroism already noted. There is, however, one peculi- 
arity of this crystal that may have a bearing upon the matter — namely, 
the optic axial angle appears to be large. 

Only one further observational fact now remains to be mentioned in 
connection with this pyroxene, but it is of importance : the plane of the 
optic axes coincides with the composition-plane of the lamellar twin. Since 
the extinction is oblique, this plane must be at right angles to the plane 
of symmetry — ^that is, to the 100 plane-^as in normal hypersthene. The 
lamellar twin appears not to follow the plane 110 frequent in the inter- 
growths of rhombic and monoclinic pjiroxenes, for all the sections showing 
the lamination distinctly are approximately at right angles to the optic 
axial plane ; nor is it the common 010 plane.* It is much more reasonably 
the 100 plane observed by Bowen in artificial clino-enstatite.f On tlds 
supposition, however, it is difiScult to underststnd why the lamellae often 
appear all to extinguish in the same direction. 

Enough data are available to show that a monoclinic pyroxene of 
unusual type is exhibited in the sections from the Gl^dau-Hollyford and 
-the Milford rocks. It approaches hypersthene, but difiers from it in its 
oblique extinction, and it seems probable that it is a monoclinic member 
of a series embracing this latter. It is obvious that much of the mineral 
in the sections that is apparently hypersthene may really be this mono- 
clinic pyroxene viewed in sections lying near the orthopinacoid. 

Chemical Classification. 

An analysis of the Cleddau-Hollyford quartz-norite by the Dominion 
. Analyst gave the results tabulated in column A below. In columns B 
and C the analyses of somewhat similar rocks are quoted from Iddings.J 


* See H. Eosbkbusoh, Mikroakopische Physiographie der MineraUen und QeHeinef 
vol. 1, pt. 2, p. 149, 1905. 

t N. L. Bowen, The Ternary System Diopside-Forsterite-Silica, Am, Imrn, 8ci, (4), 
voi 38, pp. 207-64, 1914. 

XJ.P, Iddinqs, Ignema Rocks, voL 2, p. 218, 1913. 



BiUftTittrut . — The <?/ Igntws Boehs in New Zealand,, 419 

Tbe zkOfms and classifications calculated by the C.1.P«W. quanlita^ve 
niethod are also appended* 



A 

B. 

0 . 

SiO, .. 

. . 52 46 

, 53-50 

, 52-8 

A1,0, .. 

. . 18-58 

22-20 

17-8 

Fe ,03 .. 

.. , 4-76 

3*60 

1-2 

FeO .. 

4-03 

2-64 

4-8 

MgO .. 

4-72 

2-00 

4-8 

CaO . . 

8-56 

9-45 

12-9 

NajO . . . . 

3-86 

4-26' 

3-0 

KjO . . 

1-14 

4)-61 

0-5 

HjO . . 

0-57 

1-50 

1-2 

TiOj .. 

0-60 

0-45 

0-5 

CO 3 .. 




F 2 O 5 . . < • • 

! ! 0-51 



MnO . .^ 

0-14 

0*36 



99-93 

100-56 

99-5 

Norms and Classification. 



A. 

B. 

C. 

Quartz ^ . . 

2-64 

4-2 

2*2 

Orthoclase 

6-67 

3-3 

2-8 

Albite . . 

32-49 

36-2 

25-2 

Anorthite 

30-02 

39-8 

33-6 

Diopside 

7-07 

5-8 

-24-8 

Hypersthene . . 

11-08 

3-4 

7-0 

Magnetite 

6-96 

5-1 

1-6 

Ilmenite 

1-22 

0-9 

0-9 

Apatite 

1-24 

. . 

, , 

(Water) - 

(0-57) 

( 1 - 6 ) 

( 1 - 2 ) 


99-96 

100-2 

99-3 

Classification . . 

II.5.3(4).4 

(Andose.) 

'11.5/4/6 

ir. 6 . 4/5 


A. Quartz-norite, Cleddau-Hollyford Saddle, New Zealand. (Dominion 

Analyst.) 

B. Quartz-gabbro, Carro£~Fell, England. 

C. Gabbro, Druim an Eidhne, Isle of Skye. 

The norm agrees well with the observed mineral composition, although 
it is difficult to account for the apatite shown by the norm and indicate 
by the chemical analysis : apatite appears to be practically absent ’from 
the section examined. 

Another more typical coarse norite was amongst the material collected 
by Mr. Holmes from the Cleddau-Hollyford Saddle. The plagioclase 
(labradorite) and ferro-magnesian minerals are subequal ; of the ferro- 
magnesians, hypersthene and augite are both plentiful, the former the more 
so ; it is often finely lamellar as in the quartz-norite, but the extinction 
appears here to be straight. A brownish-green hornblende clouded by 
dust-like iron-ore occurs in large crystals which poecihtically enclose the 
P 3 rroxenes and some feldspar. Sofne of the augite is intergrown with the 
amphibole ; it is occasionally lamellar, passing to diallage. The hypersthene 
14 * 
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is largely converted to a finely fibrous, tufted, almost colourless aggregate 
bordered by green ; it is referred with some difl&dence to tremolite and 
actinolite. 

NORITE, 

Wairau Creek, Milford, Auckland. 

I found a very-well-rounded boulder about 5 in. in diameter included 
in the sandstones of the Waitemata beds at the mouth of Wairau Creek, 
a little north of Lake Takapuna, and quite unaccompanied by other 
boulders or pebbles. It is a very coarse norite with plagioclase (medium 
labradorite) a little more plentiful than the ferro-magnesian minerals, which 
arc hypersthene (including ah allied pyroxene dealt with on p. 417) and 
less abundant diallage. The hypersthene is being converted into talc, and 
particularly adjacent to cracks there is chloritization and the entrance of 
fine pyrite. 

DOLERITE, 

Swinging-basin, Silverdale, Auckland. 

This occurs as coarse angular blocks several feet in diameter, unearthed 
during excavation for the swinging-basin at the Silverdale (Wade) wharf 
on the Weiti Stream, which flows to the east coast about twenty miles north 
of Auckland. Though apparently the actual outcrop is not laid bare, yet 
this cannot be far distant, unless — a suggestion their comparative freedom 
from weathering would negative — the blocks come from the formerly over- 
lying Waitemata beds now removed by erosion from the stratigraphically 
lower hydraulic Umestone of this area, but which contain" large blocks of 
andesite and perhaps other igneous types not far distant on Whangaparaoa 
Peninsula. The site of discovery of the dolerite is immediately adjacent 
to where McKay maps one of his serpentine dykes* (which, however, I 
was unable' to locate during my brief visit), and the idea suggested itself 
that there might be some connection between the intrusion of the two 
rocks. Professor W. N. Benson remarks anent this point, after examination 
of the dolerite section, It does not contain albite, and is more like the 
post-peridotitic than the pre-peridotitic of my New South Wales dolerite 

dykes.”t " . 

Macroscopically the rock is a very dark finely holocrystalline type with 
inconspicuous glistening lath-like feldspars and prominent chloritized ferro- 
magnesian mineral. In section the most striking feature is the ophitio 
structure ; the mass .consists largely of large lafcadorite laths, between 
which is faintly pleochroic partially chloritized pink augite in somewhat 
columnar crystals, and a profusion of irregular iron-ore growths and skeleton 
crystals enwrapped by the pyroxene (see photomicrograph, Plate XXVIIl, 
fig. 2). The feldspars are fairly fresh, but a little secondary calcite and 
a very great d^ of chlorite developed from the augite are present. 

BASALT, 

“ SuGARLOAF,’’ Matakana~Lbigh Road, Rodney County. 

The “ Sugarloaf ” is a conical knob a little west of the main road from 
Matakana to the Omaha, and about two miles ftom MRtakana. It is mapped 
as igneous by Cox in his" report on the geology of the Rodney and Marsden 

* A MoKay, On the Ocourrenoe of Serpentine Dykes in Cretaceo-Xertiary Strata 
near the Wade, Auckland, JRep, Qecl, Exjdor, during 1883S4, pp. 99-101, 1S84. 

t Letter dated 13th ^ptember, 1918. , 
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Counties^* and is in fact a basalt neck breaking through the massive con- 
cretionary greensands of the Waitcmata series, which ate well exposed 
near by. The basaltas a fairly typical holocrystalline type, rich in coarse 
idiomorphic phenocrysts of olivine and pale-greenish augite, with numerous 
smaller intermediate crystals of plagioolase showing goed fiuxional arrange- 
ment. The groundmass is largely of small feldspar laths enclosing a 
moderate number of pyroxene grains and small magnetite crystals. 

i 

BASALT, 

Ti Pjoint, Whangatbau Harbour, Rodney County. 

This occurrence is referred to as a dyke and also mapped by Cox in the 
paper just quoted. Several sections were cut from various parts of the 
mass forming the small peninsula of Ti Point. There is often good fluxional 
banding shown in the field, but the differences in section are unimportant, 
except that jjow structure is better shown in some sections than others. 
There are resemblances to the Auckland basalts, but the chief differences 
lie in the more sharply idiomorphic nature of the large very abundant 
olivine phenocrysts, and the greater proportion of augit e in the finely 
holocrystalline groundmass (see photomicrograph, Plate XXVIII, fig. 3). 
Feldspar scarcely occurs in the first generation, and augite is unimportant. 
The olivine is almost invariably oxidized on its margins, and stained thereby 
a deep reddish. This phase of oxidation accompanying extrusion is even 
better exemplified by a basalt from Ohakune, next to be described. 

Mr. H. G. Cousins, Director of the Teachers’ Training College, Auckland, 
closely studied this rock some years ago, and very kindly has allowed me 
to read his unpublished thesis thereon. He shows that the eruption has 
burst through the Waitemata beds, and concludes, mainly from consider- 
ations of denudation, that the period of extrusion was probably Upper 
Miocene. I entirely agree with him that it was probably not contempo- 
raneous with that of the basalts of Auckland, but much earlier. 

BASALT, 

Public Works DitARTMBNT Ballast-pit, Ohakune. 

I am indebted to Mr. F. E. Mason, of the Seddon Memorial Technical 
College, for specimens of this rock. My sections are decidedly interesting, 
and deserve comment. Much of the material is hfghly scojiaceous, and 
stained a deep chocolate-red through oxidation. 

The phenocrysts are coarse glomeroporphyritic groups of colourless 
augite and a few olivine crystals. In the groundmass are but a few augite 
crystals, with subequal parts of plagioclasfe laths and another mineral 
comprising the main portion. This other mineral is also lath-like, is greatly 
stained by haematite as a result of oxidation of contained ferrous compounds 
during the final phases of the eruption, and seems certainly to be olivine, 
for it has straight extinction, very high refraction and birefringence, and 
a high optic axial angle. The optical character was nOt satisfactorily detev- 
min^. Fine iron-ore is moderately abundant. Occasionally, as the photo- 
micrograph (Plate XXVIII, fig. i) depicts, the olivine phenocrysts are 
enwrapp^ more or less celyphitically by a rim of augite. , 

* S. H. Cpx, Geology of the Rodney and Maraden Counties, Rep, QeoL 
dvring 1879’-S0, pp. 13-39, 1881. 
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HYPERSTHBNB-ANDESITE, 

South-east Flank op Mount Hikurangi, Whangarei District. 

A greyish porphyritic rock with idiomorphic phenocrysts of hypersthene, 
coarse plagioclase from the acid end of the series, and rare brownish-green 
hornblende. There are in addition numerous smaller lath-like feldspars, 
arranged with noticeable parallelism, and some fairly large sporadic iron- 
ore crystals, enclosed with the inajor phenocrysts in a somewhat lithoidal 
irresolvable matrix in which ana^etite specks furnish the only recognizable 
mineral, and which appears to be densely cryptoc^stalline. The hjrper- 
sthene is not plentiful, and is only in small crystals in the two sections cut, 
though occasional crystals reaching as much as 1 J in. in length can 'be 
gathered in the field. 


Art. XXXV. — The Conglomerate at Albany, I/tu^as Creek, Waitemata 

Harbour. 

By J. A. Bartrum, Auckland University College. 

[Mead before the AvMand Institute, 22nd December, 1919 ; received by Editor, 31st 
December, 1919 ; issued separately, 16ih July, 1920.'\ 

Plate XXIX. 

About 200 yards up-stream from the lower wharf at Albany (see locality 
map), conglomerate bands outcrop which have given rise to abundant cobbles 
strewing the banks of Lucas Creek in the vicinity. They are without 
doubt members of the local Tertiary sequence known as the Waitemata 
beds, but their horizon therein is doubtful, for folding and faulting are 
common in the sandstones on the shores of the upper Waitemata Harbour 
(into which Lucas Creek flows) and obscure^the sequence. The writer is 
inclined to place the conglomerate bands amongst the lowest of the Waite- 
mata beds in the near vicinity of Auckland, but there is at present no 
means of fixing their absolute horizon, and, as the purpose of this paper 
lies rather in the direction of describing the interesting assortment of rock- 
varieties in the bands than in discussing their stratigraphy, this aspect will 
not receive further attention herein. 

The main band of conglomerate near Albany is about 12 ft. thick, and 
has a strike that is approximately north-east by east and south-west by 
west, and a dip of 45® up-stream to the north-west by north. About 20 ft. 
beneath it is a similar band of smaller cobbles 2 ft. in thickness. Not many 
yards down-stream the direction of dip is reversed, the sandstones dipping 
gently in an approximately south-east direction. The actual reason fdr the 
reversal is obscure : it may be anticlinal structure, for there is evidence at 
Riverhead favouring this explanation, although the conglomerate was not 
found to reoccur in the down-stream section.* 


* A mnoh-weathered ooarse oonglomerate is exposed at Gut Hill, about two miles 
aoutii-sonth-east of the Albany outcrop, but it appears that t^ band is not the same 
as -the one. 
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The material of the bands consists of very-well-rounded pebbles and 
boulders usually a few inches in diameter, but reaching as much as l^ft,, 
set in fine mortar ; they appear typical sea-beach drift, a conclusion borne 
out by the discovery of shell-fragments in a somewhat calcareous fine grit- 
conglomerate about 20 ft. to 25 ft. in depth overlying the upper conglome- 
rate band, and outcropping, therefore, up-stream from it. In facies these 
boulders consist mainly (perhaps 90 per cent.) of rocks of holoc^stalline 
igneous character, many distinctly gneissic in structure, along with grey- 
wackes, andesite^, and occasional trachytes and cherts. 

No attempt Was made to trace these conglomerate bands across the 
low hills, rising to about 400 ft. above sea-level, immediately west of 
Lucas Creek, because of the heavy overburden of residual clay general 
upon the hills of the district ; they were looked for «and picked up 
again in the low-lying wide basin adjoining the Rangitopuni and Mahoenu 
Streams (see locality map), into which the roads from Albany to Riverhead 
descend, and where one can find not only distinctive sheading but also 
several outcrops adjacent to the main road to Riverhead. About two 
miles east of this latter place, just above the conglomerate is a quartz-rich 
grit which passes into a fine grit-breccia about 1 ft. in depth, containing 
fragments of wood, pumice, and a very dense felsitic mica-rhyolite in 
fragments ranging up to J in. in diameter The dip is about 80® to the 
south-south-west. In the main conglomerate band of this outcrop jasperoid 
argillite, greywacke, and a good deal of andesite, some of it very coarsely 
porphyritic and very strongly oxidized, are frequent, in addition to the 
dioritic types common at Albany. Towards Riverhead the band of grit- 
breccia characterized by the pumice and other rhyolite thickens consider- 
ably, and the material also is coarser, forming a very curious firmly 
cemented breccia where it is exposed in the tideway near the paper-mills 
at Riverhead. It is not far above the main conglomerate band — here of 
much smaller pebbles than elsewhere ; below this latter also are several 
distinct bands, each about 2 ft. in depth, of fairly coarse conglomerate. 
The tide was unsuitable for close investigation of these bands during the 
writer’s visit, but they did not appear to be of special interest. 

Petrography op the Conglomerate Bands. 

In a recent volume of these Transactions the writer (Bartrum, 1917) 
described gneissic diorites discovered in loose boulders at Albany, and 
suggested that they had come from a boulder-bed known to outcrop 
near by in the Waitemata beds. Upon visiting the locality he soon found 
that his surmise was correct, and recogjiized several other rock-types in 
additioi^ to the two represented in the specimens first given to him. There 
are several plutonic types, which nearly all show the effects of considerable 
pressure, notably granulation in various stages of intensity. The complete 
list is as follows : — 

(a.) Rocks of sediw^erUary facies. 

1. Greywackes (fairly common). 

2. Jasperoid argillite (rare). 

3. Chert (rare). » 

No particular attention was accorded the pebbles of sedimentary facies, 
as the writer’s interest lay chiefly with the igneous types, so that the above 
list may be very incomplete. The greywackes and argillite are obviously 
derived from the “ Maitai ” rocks, which form the basement of the 
Waitemata beds. The chert resembles rocks of similar appearance which 
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are common in the hydraulic limestone member of the Oamaru system, 
of Marshall (1911, pp. 22 et seq.) ; such an origin would raise no fr^ 
difficulty, for Hector (Cox, 1881, p. 29) and Henderson (1914, p. 157) have 
observed pebbles of the hydraulic limestone itself in Tertiary conglomerates 
in various places in the Warkworth-Mahurangi district and elsewhere, 
from which Henderson has deduced the discontinuity of sequence of the 
rocks of the Oamaru system in that district, which is not far distant from 
Albany. 

(b.) Roche of igneous origin. 

1. Granodiorite (granulated). 

2. Quartz-diorite (granulated). 

3. Banded dioritic gneiss. 

4. Diorite (granulated). 

> 5. Anorthosite. 

6. Dolerites. 

7. Andesites of varied type. 

8. Trachytes. 

9. Rhyolite (not in the main boulder-band itself). 

The granulated diorites preponderate amongst the igneous types, and 
must constitute 80 per cent, of the pebbles in the outcrop of the con- 
glomerate at Albany. 

Description of Types. 

1. Granodiorite (granulated) , 

A fairly common type. A fresh coarse-grained rock, outwardly dioritic 
and rich in hornblende. In section notably and coarsely ophitic (see 
Plate XXIX, fig. 1). The light-coloured npnerals comprise nearly two-thirds 
of the rock : basic andesine is the most abundant of them, and next in 
order come orthoclase and quartz, this last interstitial and abundant. 
The darker minerals consist of a very little coarse iron-ore and large 
hornblende crystals enclosing smaller ones of andesine in perfect ophitic 
manner. A little apatite furnishes the only accessory besides the iron- 
ore. The effects of severe pressure are very obvious — shadow extinction 
and granulation of quartz and sometimes orthoclase, and bending of the 
twinning lamellae of the plagioclase. 

2. Quartz-diorite (granulated). 

This type was described in an earlier paper by the writer (Bartrum, 
1917, p. 423) ; it approaches the granodiorite mineralogically, but differs 
from it stnicturally. 

3. Ba^nded Dioritic Gneiss. 

The banded structure is quite obvious in hand-specimen. In section 
it is somewhat lost sight of dwing to the mosaic-like structure resulting 
from complete granulation (see Plate XXIX, fig. 2). In composition it is 
practically the same as the general granulated diorite next to be described, 
and there is no need to supplement the brief description of this type 
published in the earlier paper just referred to. 

4. Diorite (granulated). 

Judging by macroscopic examination, the vast majority of the pebbles 
and boulders of the conglomerate belong to this type — a moderately fine 
even-grained dioritic rock, showing numerous glistening feldspars and darker 
amphiboles. Usually under the micro^ope there is sufficient granulation 
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of the holders of the crystals to give an appearance approaching that of 
a mosaic, owing to the rather equidimensional rounded crystals of green 
amphibole and plagioclase in approximately equal proportione. A little 
iron-ore as present, and usually sphene, the latter sometimes quite plentiful. 
Pyrite is a common secondary adjunct. Much of the amphibole is fibrous, 
and in cases is developed as uralite from central kernels of unchanged augite. 
In one or two sections the feldspars have a distinct broad lath-lixe form. « 

6. Anorthosite. 

A boulder of this rock about Id in. in diameter was found iu the 
debris of an outcrop of conglomerate alongside the Albany-Riverhead Road, 
Macroscopically it is a greyish or bluish-white crystalline rock resembling 
marble, and weathering to a white kaolinitic product. It has small patches 
of green chlorite, and others of a reddish-brown mineral which apparently is 
a chloritized mica allied to biotite, and which shows distinct pearly cleavage- 
faces. 

Seen in section, almost the whole of the rock appears as a highly 
refractive colourless mineral. Its allotriomorphic equidimensional crystals 
are very strongly cleaved, are fractured, and are separated by zones of a 
weakly refractive substance which also penetrates the fractures in the main 
mineral and has every appearance of being a derivative from it. A little 
chlorite (perhaps derived from biotite) and zoisite are also present. 

The mineral constituting the mass of the rock shows some perthitic inter- 
growths, much irregular twin-lamination, and occasional definite twin- 
lameUae giving extinction angles of 45® on either side of the composition 
plane. It was tentatively identified by the writer as a basic plagioclase, and 
Dr. J. Allan Thomson has been kind enough to confirm this identification. 
The residuum of feebly refractive mineral was regarded by the writer as ^ 
zeohte, but Dr. Thomson suggests that it is largely a more acid feldspar. 

No exact quantitative chemical analysis of the rock was made, but 
Mr. A. H. Bowell, of Auckland University College, performed tests which 
showed that it is essentially a silicate rich in alumina and lime, with only 
traces of iron and potassium, and very little magnesia. No attempt was 
made to ascertain the sodium content. 

The writer is convinced that this rock is a plutonic type, for he considers 
that the finely crystalline material is secondary in origin ; he therefore 
classes it as an anorthosite, a rock of somewhat rare occurrence. 

6. Dolerites. 

Three specimens of dolerites were collected showing , slight difierences in 
the hand-specimen, and only with difficulty separable from the diorites. In 
mineralogical character they are very similar to the diorites, for they consist 
of amphibole and basic andesine, the former slightly in excess of the latter. 
Coarse irregular ilmenite is general, and is sometimes associated with sphene. 
There is usually a little secondary pyrite and epidote. There are two 
important differences from the diorites : (a) absence of gria-nulatiou or other 
signs of intense pressure, (6) structure. It is on the basis of the structure 
that they are here classed as dolerites ; the texture is coarse an<i even- 
gained, and the amphibole has markedly ophitic relations to the long 
irregular laths of feldspar, as Plate XXIX, fig. 3, well shows. 

Some of the greenish amphibole is fibrous uralite obviously derived from 
augite, as in the diorites, for cores of unreplaced earlier mineral survive. 
Generally the amphibole is a coarse green hornblende, but often it is a finely 
bladed, or even granular, apparently secondary variety. 



7. Jindesiies. 

In general the andesitic material is much weathered and altered, the^ 
ferro-magnesian minerals in particular having been afEected. It was hat tn 
be expected, conindering the wealth of variety of our Auckland andesites, 
that any new types would be revealed. Several varieties^ however, were 
discovered, some with plagiodase as the chief phenocryst, others with some 
or other f erro-magnesian inineral more prominent in the first generation ; 
but as a rule chlorite and other secondary aggregates greatly mask the 
original nature of the rocks. Mention may ^ made of the following 
varieties : — 

Hypersthene-andesite. — Macroscopically a particularly coarsely porphy- 
ritic type with coarse phenocrysts of pyroxene and feldspar. The hyper- 
sthene is accompanied by some augite^and is largely replaced by calcite. 
Some small serpentine pseudomorphs suggest olivine. The groundmass is 
hyalopilitic. 

Pyroxene-andesUe , — ^Another very coarsely pOrphyritic andesite, rather 
light grey in colour. In section phenocrysts of colourless hypersthene are 
both abundant and coarse, along with large equally colourless augite crystals. 
Most of the rest of the rock is composed of much smaller phenocrysts and 
intermediate lath-like crystals of plagiodase, there being quite a minor 
amount of the microcrystalline residuum of feldspar, pyroxene, and a little 
magnetite. There is some coarse totally resorbed hornblende. 

Another interesting andesite, in which plagiodase is the only important 
phenocryst, shows an abundance of branching growths of iron-ore in the 
groundmass. The ferro-magnesian phenocrysts are small, ^infrequent, and 
greatly altered. There are common inclusions of aggregated quartz grains, 
often with epidote and chlorite, around which the iron-ore growths form a 
conspicuously dense halo-like border. Coarse secondary epidote is frequent. 

8. Trachytes. 

These are rare ; only two types were found, both typical trach 3 rtes, so 
far as macroscopical examination is concerned, but one characterize by a 
little biotite and the other by a little hornblende.* In section both types 
show many idiomorphic plagiodase phenocrysts, with more numerous but 
smaller sanidine ones. $ 

In the hornblende-bearing type Ibe amphibole is the green variety, 
and is in scattefed idiomorphic crystals. The groundmass is almost entirely 
feldspathic : a few plagiodase laths are clear-cut and determinable, but the 
main mass is of small ill-defined crystals lacking the albite lamination, and 
presumably alkali-feldspar. Plate XXIX, fig. 4, shows the general structure 
fairly well. 

Though the biotite of the biotite variety is apparent in the hand- 
specimen, the only section cut shows no phenocrysts of that mineral, but 
numerous small shreds of it in a groundmass built up almost wholly of 
narrow laths of feldspar which lack the albite twinning and often show 
good fluxional arrangement.f 

9. Rhyolites. 

Fragments of a curious white porcellanous felsitic rhyolite are frequent, 
along with pumice and other material, in a thin band of grit-breccia 

♦ A third variety hae been found since the above was written ; it is a silky rock 
with phenocrysts of conspicuous greenish-brown hornblende. 

t A third type has been found recently ; it has fairly conspicuous phenocrysts of 
brown amp’ 
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already described as exposed about twQ miles from Biverhead alongside 
the Albany-Riverhead Bead, and again near the paper-mills at Biverhead 
itself, where the fragments are much coarser. The finer portions of the 
grit-breccia are largely angular quartz grains •with flakes of biotite^ small 
grains of the whitish rhyolite, and some of fine argillite. 

The rhyolite exhibits a few corroded quartz phenocrysts of moderate size, 
and plentiful small rather rod-like flakes of brown biotite in a dense ground- 
mass of minute microlites of feldspar, which are arranged more or less in 
parallelism with the biotite flakes, afld are enwrapped by a small amount 
of irresolvable base from which they have only imperfectly separated. 


Significance of tPle Material of the Albany Conglomerate. 

The probable origin of the sedimentary material included in the con- 
glomerate has already been sufficiently considered (see p*- 424), for it raises 
no point of especial interest. The igneous constituents, however, present 
a very different case. 

There is very general agreement amongst New Zealand geologists 
(Eraser and Adams, 1907, table facing p. 22) that the eruptions of 
andesite which have contributed so largely to the building of Coromandel 
Peninsula and other northern parts of Auckland Province probably began 
before the Miocene, and thus before the period of formation of the 
Waitemata beds, which are commonly regarded as Upper Miocene in age. 
Andesitic eruptions have evidently been comhion since pre-Jurassic times, 
for andesitic pebbles are found in Jurassic rocks in the Cape Colville 
Peninsula (Fraser and Adams, 1907, p, 52), at Port Waikato (Bartrum, 
1917, p. 422), and elsewhere. The writer has bbserved andesitic debris 
capping hills adjacent to the hill route between Biverhead and Helensville, 
not many miles from Biverhead, which may represent an extrusion of 
pre-Waitemata time. 

Bhyolites are first known in the Auckland Province from the. sup- 
posedly pre- Jurassic sediments (Tokatea Hill series) of Coromandel Pen- 
insula (Fraser and Adams, 1907, p. 43), and have considerable importance 
from early in the Tertiary (Fraser and Adams, 1907, table facing p. 22). 
Their only special interest as concerns this paper is that they have not been 
recorded previously from any of the other conglomerate or grit bands in 
the Waitematas.* 

The presence in abundance of gneissic rocks in the Albany conglomerate 
raises an interesting question regarding the earlier geological history of 
the North Island of New Zealand, but so large a one that it is inadvisable 
to deal with it at aU fully in a paper such as this, devoted mainly to 
petrographic description. Briefly, the facts are these : — 

1. Gneissic plutonic rocks occur in the North Island of New Zealand 
in conglomerates at Alexandra, in the King-country (Park, 1893) ; at the 
gorge of the Waipaoa Biver, Poverty Bay (Sollas and McKay, 1906, pp. 175 
et seq .) ; in Cretaceous or early Tertiary beds in the Whangaroa district 
(Bell and Clarke, 1909, p. 50) ; im “ Maitai ” conglomerates in the 
Hautotara Mountains of south-east Wellington (Sollas and McKay, 1906, 
'^p. 185) ; and, as now recorded, at Albany. 


* This statement requires some modifioation : C. £. Fox (1902, p. 462) ^jecords 
fragments of pumice. Their presence is, however, no necessary indication of the vicinity 
of a rhyolitic terrain, for pumice can be naturally transported immense distances by 
water. An interesting example of this fact is furnished by the presence of abundant 
pnmice in sub-recent shore-deposits at the Big Omaha, south of Cape Rodney, which 
hiui i»'obably been carried by the coastal drift around Cape Colville from the east coast. 




2. The basement rocks’** of the North Island consist Of shales and 
gre 3 rw^ackea< which are largely unfossilifeious and therefore of nncertain 
age, though in pai^ mid>Mesozoic ^Marshall, 1911, p. 20). These ipo]^ 
were subjected to compression in the later Mesozoic which locally Wi^s 
moderately intense, but caused no noteworthy metemorphism in the. North 
Island area. In the Whangaroa district, it is true, schistosity i& locally 
developed in altered igneous rocks associated with the basement strata of 
that district (Bell and Clarke, 1909, p. 44), though it is still by no means 
certain that folding movements earlier than the late Mesozoic may not 
have affected them. In the South Island metamorphism is very general 
in the members of the oldermass associated with rocks lithologically similar 
to those of the basement rocks of the north, but it is probable that this 
metamorphism long antedated the late Mesozoic erogenic movements 
(Morgan and Bartrum, 1916, pp. 67--71).t 

Plutonic intrusions are rare im the North Island, but such as there are 
perhaps synchronize with the vastly greater ones of .the west codst of the 
South Island. Fraser and Adams (1907) assign a pre-Jurassic age to the 
Moehau intrusion of Coromandel Peninsula, wBdlst Marshall inclines to 
the belief that the olivine-norite at Ahipara, in North Auckland, underlies 
the Mesozoic (“ Maitai ”) beds of that district — an important conclusion — 
and considers the schillerization of the augite of the norite evidence of 
intense pressure. It is necessary to add that it is obvious from his paper 
that Marshall (1908) believes that this pressure was associated with the 
late Mesozoic orogenic movements. In the South Island some at least 
of the granite and other batholithic intrusions, if not Palaeozoic, were 
certainly very early Mesozoic in age, for pebbles of ^nite and other 
plutonic types are found in a conglomerate near Nelson (Marshall, 1904). 

Having regard, then, to the probable early date of the plutonic intru- 
sions of the North Island, and to the lack noteworthy metamorphism 
throughout the sediments of the oldermass, there is surely justification 
for more than a suspicion that the gneissic constituents of the con- 
glomerates already mentioned are vestiges of a land area which antedated 
the period of deposition of the Mesozoic (‘‘ Maitai ”) sediments, and which 
suffered in turn folding and severe erosion so that intrusive batholiths 
were uncovered and caused to protrpde. Support is afforded this idea 
by the presence of dioritic material in Jurassic shales in Coromandel 
Peninsula (Fraser and Adams, 1907), of granitic pebbles in Jurassic sand- 
stones at Kawhia (McKay, 1884), and of a foliated granite in a con- 
glomerate in the “ Maitai ’’ rocks of the Hautotara Mountains of south- 
east Wellington (SoUas and McKay, 1906, p. 185) ; but it must be admitted 
that these, plutpnic rocks have not been found in the lowest rocks of the 
sequence either at Coromandel or Kawhia, whilst they are absent from 
many other known conglomerate bands in the basement rocks. Much 
can be argued both for and against th^p view that the writer is inclined 
to favour with regard to the significance of the gneissic boulders, but one 
cannot ignore the possibility that these rocks ^sclose a glimpse of the 
early geological history of the North IsTand of which we are ignorant. 
In the present state of our knowledge it is impossible to come to any 
conclusions as to the exact date of the abysmal injections, beyond that 


♦The “oldermass” ot Cotton (Cotton, 1916). 

t Mr. Morgan favours an Aorere age (Ordovician) for several great rock-units in 
Westland and south- whst Nelson usually grouped in the Maitai ^tem of early to inid- 
Mesozoio age. 
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it was pre- Jurassic, but the conviction grows upon the writer that Pro- 
fessor Park’s (Park, 1893, pp. 358-459) early view of. the great scientific 
importance of the discovery made nearly thirty years ago of gneissic rocks 
in tfie King-country was not an exaggerated one.* ’ 

Summary and Conclusion. 

In the Albany-Riverhead district conglomerate bands occur in the 
Waitemata (probably Upper Miocene) beds, two/of which are jparticularly 
well exposed near Albany, and contain material of very varied petrographic 
nature. The various igneous types are described above, and it is pointed 
out that the gneissic rocks there and in other conglomerates elsewhere in 
the North Island perhaps furnish evidence of a terrain injected by batho- 
lithic intrusions, subjected to compressional stresses and eroded before the 
deposition of the main mid-Mesozoic sequence of the North Island. 

The occurrence of anorthosite is particularly interesting in view of the 
limited distribution of this type of rock. 

In conclusion, the author would like to thank Mr. A. H. Bowell, 
of Auckland University College, for performing chemical tests upon the 
anorthosite, and Dr. J. A. Thomson, Director of the Dominion Museum, 
for most valuable help in the determination of this same rock. 
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Abt. XXXVI. — On some Examples of Nets Zealand Insects ilhistratvi^ 
the Darwinian Principle of Sexiud Selection. 

- By G. V. Hudson, F.E.8., P.N.Z.Inst. ^ 

[Read before ike WeHington Phdoeophical Society^ 24th September^ 1919 ; received by 
Rditor, Slat December^ 1919 ; issued separaidy, 16ih July, 1920.] 

Notwithstanding constant attempts to refute or profoundly modify 
Darwin’s theory of natural selection, or the “ survival of the fittest,” it 
cannot he denied that this theory remains to this day the only satisfactory 
explanation of the innumerable instances of adaptation to conditions which 
are manifest to the most casual observer of plants and animals. It is 
not, however, my intention this evening to give instances of the operation 
of natural selection amongst our New Zealand insects, although practi- 
cally every species might be utilized in corroboration of Darwin’s great 
theory. My object on this occasion is to direct attention to Darwin’s 
subsidiary theory of sexual selection, which some of his immediate fol- 
lowers were convinced had been a most potent factor in the evolution 
of the more advanced attributes of the higher animals, but which has 
unaccountably been allowed to drop into the background by many present- 
day biologists. Some may perhaps urge that the theory of sexual selection, 
as propounded by Darwin in his Descent of Man, is an out-of-date doctrine, 
superseded by more precise modem researches iuto the minute structure of 
organisms. Before, however, any such general statement can be accepted 
a more complete explanation than that afiorded by sexual selection must 
be given of the actual facts existing in nature, and this 1 think I can 
safely say has not yet been done. Without further preliminaries I will 
now direct attention to a few of the facts referred to, and will use our 
New Zealand insects in illustration of my remarks. 

1. Order Hemiptera. Suborder Homoptera. 

The suborder Homoptera includes the cicadas, lantera-flies, and their 
allies, as well as the aphides, scale insects, &c. 

The family Cicadidae, often popularly known as “ locusts ” or “ singers,” 
the first name being most misleading, is one of the best-known families 
of New Zealand insects. We have upwards of a dozen species, of 
which the largest, MelampsaJUa cingulala is often extremely abundant in 
the late summer. At this season the singing of the males, as they rest on 
the branches of trees and shrubs, is sometimes almost deafening, and the 
noise may be best likened to that produced by a number of frying-pans 
simultaneously in operation on a very hot fire. This sound is produced 
by two complicated organs coimected with thfe respiratory system of the 
male, and situated on the underside of the base of the abdomen. It is 
solely confined to that sex. The singing is undoubtedly attractive to 
the female, and close observation of the insects in their natural haunts 
often discloses the fact that Hie keenest rivalry exists between two or more 
males to captivate a female by means of their music. It is impossible 
to assign any other use to these complicated organs, and the instinct to 
use them, than that here indicated. The sound emitted certainly doe^ 
not intimidate the enemies of the cicada, as they are all much preyed 





upon by birds; and even if it did repel certain potential enemies, such 
r 1 ^^ means of protection would be far more necessary for the preser- 

vation of the female whilst depositing her eggs than it would be for the 
male. 

2. Order Orthoptera. 

In the small order Orthoptera, which includes the wetfis, grasshoppers, 
crickets, walkmg-sticks, and allied insects, we have several strilang instances 
of the operation of sexual selection. 

The Stenopelmatidae, or wetas, were long supposed to be destitute of 
sound-producing organs, although possessing an auditory organ on each 
of the tibiae of the anterior pair of legs. A careful examination of the 
side of the second abdominal segment of both sexes, however, reveals the 
presence of about six minute file-like organs, which are operated upon by 
the inner edge of the base of the femur of the hind legs, these legs being 
raised above the insect’s back when it is stridulating. By this means the 
weta can produce a harsh grating sound, which is employed to intimidate 
enemies and also possibly as a call or lure to the female. This stridulation 
of the weta may often be heard in the bush at night. 

In the males of the true grasshoppers with short antennae (Acridiidae) 
a long file-like structure is situated on the inner side of the thigh of the 
hind leg, and the sound produced is used to attract the female. 

In addition to the stridulating-apparatus, the male of our commonest 
weta {Deinacrida megacephala) has a huge head and jaws, the corresponding 
parts in the female being of the ordinary size. These males are sometimes 
• found in holes in trees and similar situations, and are often accompanied by 
several females, the proportion of the sexes in this particular* species being 
about one male to three females. As wetas come abroad only at night, 
it is difficult to obtain much precise information regarding their habits; 
but I think there can be little doubt that a very keen rivalry must exist 
between the males, and the great head and formidable jaws have been 
acquired as the result of this rivalry, the most ferocious, powerful, and 
well-equipped males having alone succeeded in leaving descendants. Apart 
from theoretical considerations, the preponderance in the number of 
females, the reverse proportion to that usually subsisting amongst insects, 
is strong presumptive evidence that a large proportion of males must 
perish, and the only conceivable means by which this unusual disparity 
in the numbers of the sexes could be brought about is through the 
' destruction of the weaker individual males during their contests to possess 
the females. 

In the Locustidae, or long-homed grasshoppers, a vein on one of the 
wing-cases of the male is furnished with minute ridges, and the sound is 
produced by the insect rubbing this against a raised vein on the other 
. wing-case. Coedicia olivacea, a beautiful leaf-like insect occurring in 
Australia, which to my knowledge has been common round Nelson for 
thirty-five years, is aii excellent example of this family. In the autumn 
evenings its chirping may often be hea:^ in all directions. 

In the true crickets (Gryllidae) both wing-cases bear file-like organs 
which are rasped together by the insect and thus produce the well-known 
chirping. Our example of this family is the black Australian cricket ^ 
ipfyUus servilki), which is also very abundant in the Nelson Province, and 
its stridulation is a most familiar sound on fine summer evenings. 

Referring to the diversity of these special sound-producing organs in 
the males of the Orthoptera (crickets and grasshoppers) and the Hemiptera- 
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Homoptera (cicadas), Darwin remarlcs that throughout the animal 
dom. we often find the same object gain^ Jby the most diversified me^; 
this seems due to the whole organization having undergone multi&wue 
changes in the course of a^es, and as part aner part varied different 
variations were taken advantage of for the same general purpose. The 
diversity of means for producing sound in the ihiee families of Orthoptera 
and in the Homoptera impresses the mind with the high importance of 
these structures to the males, for the sake of calling or alluring the 
females. We need feel no surprise at the amount of modification which 
the Orthoptera have undergone in this respect, as we now know, from 
Dr. Scudder’s remarkable discovery, that there has been more than ample 
time. This naturalist has lately found a fossil insect in the Devonian 
formation of New Brunswick, which is furnished with ‘ the well-kno^ 
tympanum or stridulating-apparatus of the male Locustidae.’ The insect, 
though in most respects related to the Neuroptera, appears, as is so often 
the case with very ancient forms, to connect the two related Orders of the 
Neuroptera and Orthoptera.”* 

The males of the walking-stick insects, or Phasmidae, are extremely 
attenuated creatures, whilst the females are much stouter and larger, and 
exhibit such great structural differences that, in the absence of exact 
knowledge to the contrary, they might easily be referred to a different 
species, or even genus. In both sexes the appearance of the insect is most 
perfectly adapted for concealment amongst vegetation, and the extra- 
ordinary disparity between the sexes in this case is very difficult to explain. 

3. Order Neuroptera. 

In the order Neuroptera, which includes the termites, stone-flies, may- 
flies, dragon-flies, caddis-flies, &c., there is little direct evidence of the 
operation of sexual selection. In one of our largest may-flies, Ichthybotm 
hudsoni, the male has two caudal setae which are very muph longer than 
the three possessed by the female. It is difficult to say, however, which 
sex is the more ornamented. Of much greater interest for the purposes oJ 
this paper are the nuptial dances in which the may-flies engage, and which 
must often arrest the attention of those who are not entomologists. Thi« 
flight takes place shortly before Sunset, and during its performance the 
may-flies rise and fall in the air almost in perpendicular lines, and it is at 
this time that pairing takes place. Of these remarkable dances Dr. Sharp 
remarks that to the may-flies themselves the movements may, by the 
number of the separate eyes, by their curved surfaces, and by the innumer- 
able facets composing them, be multiplied and correlated in a manner ol 
which our own sense of sight allows us to form no conception. We can 
see on a summer’s evening how beautifully and gracefully a crowd of may- 
flies dance, and we may well believe that to the marveUous ocular organe 
of the flies themselves these movements form a veritable ballet-dance. 

Amongst our small slender-bodied dragon-flies (Agiionina), often knowr 
as “ demoiselles,” the males of XarUhagrion zealandicum have crimson 
bodies, the females being dull bronze ; and in Lestes colemonis the body oi 
the male is marked With much more vivid blue than that of the female. 
In the tribe Cordulina it is noteworthy that tjie male of SomatocMorc 
smUhii has a brilliant metallic-^een head, legs, and thorax, the same part£ 
in the femfeie being much duUer. - . 


♦ I>eaceiU of Man^ 2nd ed., pp. 288-89, 1890. 
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; .4. Order Diptera. 

In the great order Diptera, which includes all the two-winged flies, th^re 
is usually very little diflerence in colour between the sexes, and the only 
striking differences noticeable, so far as our New Zealand species are 
concerned, occur amongst the Tipulidae, or “daddy-long-legs,” in which 
th^ males of some of the species either have very long antennae, or 
antennae furnished with long plumes or branches. The supposed use of 
these elaborate antennae to the male will be . explained when we consider 
the secondary sexual characters of the Lepidoptera. The male of one of 
our handsomest Tipulidae, Cerozodia plumosa, has magnificently branched 
autennae. The female is at present unknown, and is possibly semiapterous. 
This at least would explain why collectors have not yet succeeded in 
finding her. ^ 

5. Order Lepidoptera. 

Notwithstanding the fact that ornamental colouring is more in evidence 
in the great order Lepidoptera, comprising the varied tribes of the butter- 
flies and moths, than in any other order of insects, instances of the direct 
operation of sexual selection are perhaps not quite so numerous or so 
striking as might have been anticipated. It is true that in the case of many 
species, especially amongst tropical butterflies, the males are more brilliantly 
and beautifully coloured than the females ; yet, on the other hand, there are 
many thousands of species where both sexes are equally ornamental. In 
such cases Darwin assumes that the highly ornamental colours and patterns 
were first acquired by the males through sexual selection and afterwards 
equally inherited by both sexes. He points out that in considering the 
effects of sexual selection in the Lepidoptera it must be borne in mind that 
the courtship of butterflies is a prolonged affair. The males sometimes 
fight together in rivalry ; and many may be seen pursuing or crowding 
round the same female. Unless, then, the females prefer one male to 
anothei^, pairing must be left to mere chance, and this does not appear 
probable. If, on the other hand, the females habitually, or even occasion- 
ally, prefer the more beautiful males, the colours of the latter will have 
been rendered brighter by degrees, and will have been transmitted to both 
sexes or to one sex, accordfng to the law of inheritance which has prevailed. 
The process of sexual selection will have been much facilitated if the con- 
clusion can.be trusted, arrived at from various kinds of evidence, that the 
males of many Lepidoptera, at least in the imago state, greatly exceed 
the; females in number.’*' 

' So far as New Zealand is concerned, there is not a great number of 
: Lepidoptera where the males are piore strikingly ornamental than the 
females. The tropical-looking Hypolimnas holina, a wide-ranging species, 
found through the Pacific islands and Australia, ^nd casually in New 
Zealand, has the male blue-black, with a large white blotch in the middle 
of each wing surrounded by a wide ring of iridescent blue. The female 
is rather variable, black, with white and orange-brown marlf ings ; and, 
although highly ornamental, almost entirely lacks the brilliant glistening 
blue which is so characteristic of the male. ^ 

The females of our common tussock-butterfly, Argyrophenga antipodum, 
axe usually much lighter -coloured than the. males, and the same, applies 
in a more marked degree to the female of our small mountain-butterfly 

^ ■ - y- ■ ■ - ■ 

♦ DescetU of Man, 2nd ed., p. 317, 1890. 
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Erebia hutlerL In this respect these Satjrid butterflies show a sttdcmg 
resemblance to many of their- European relatives which have th^ females 
lighter coloured than the males, but it is perhaps questionable whether 
they can be called more brilliant. 

A much more striking instance df the direct operation of sexual selection ; 
is afforded by our very interesting endemic little butterfly Chrysophmua 
boldenarum. In this species the male is of a most refulgent metallic purple;' 
the female being dull yellowish-brown with a row of blue spots around the 
margin of ^ch wing. This 'butterfly frequents stony places in river-beds; 
where the males may constantly be observed displaying their brilliant 
colours to the rather dingy-looking females, which generally appear to regard 
their attentions in an unconcerned manner. Again, the male of our smaU 
blue butterfly Lycaena lahradus is, in common with the males of most 
members of the genus throughout the world, a glistening blue, whilst the * 
female is drab-grey. 

Probably of greaten interest than colour and wing-markings are the 
special scent-producing organs which exist in certain male butterflies and 
other Lepidoptera for the purpose of attracting the female, and of which 
no trace can be found in that sex. Attention was first directed to these 
organs by Fritz Muller in 1877, who at the same time emphasi^d their 
significance in connection with Darwin’s theories, which were then steadily 
gaining ground in the scientific world.* 

We have in 'New Zealand several good examples of special scent- * 
producing organs in male Lepidoptera. In the male of that strong-flying, 
very wide-ranging butterfly Danaida plexippus there is a pocket-like struc- 
ture situated on the hindwing, close to vein 2, which is absent in the female, 
and is undoubtedly a scent-producing organ. Amongst moths the male of 
our beautiful moss-green Noctuid Erana graminosa has a large fold in the 
costal edge of the forewings which conceals an extensible tuft of long pink 
hairs. These hairs when stirred with a pin emit a most Agreeable vanilla- 
like perfume. A similar structure exists in the male of Rhapsa scotosialis. 
The remarkable lobe in the much-contracted hindwing of the males of our 
curious genus Tatosoma is a pocket-like organ, which in the absence of any 
evidence to the contrary must also be regarded aa- scent-producing. The 
male of Declana leptomera has large tufts of hair on the tibiae of the hind- 
legs, similar tufts being found amongst some of our smaller Lepidoptera, 
and it is almost certain that these structures are for the purpose of emitting 
perfumes agreeable to the female. 

A very great many observations have* been made during recent years 
by Drs. Dixey and Longstaff on the scent-organs and scents emitt^ by 
tropical butterflies ; and the use of these special structures by the males, 
for the purpose of attracting the females, has been placed practically 
beyond a doubt. At the same time it must not be forgotten that certain 
species of butterflies emit odours of a disagreeable nature which serve to 
protect them from the attacks of birds and other enemies ; but in these 
instances the scent-producing power is not confined to the male sex. 

In regard to our mot)is, a fair, number exhibit considerable differences 
in the colouring and markings of the sexes, but except in the case of 
one or two day-flying species the males are not more brilliant or more 
beautiful . than the females. The sexes of Xanthorhpe semifissata and 

*For translation of Fritz Mtiller’s papers on this subject see appendix to 
Dr. Longstaff’s work, Butterfly-hunting in many Lands, 
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: JE; orophyla are almost identical in colour, but have very different markinga. 
8MI>08ema ferterata differs strikingly in both wing-outline and colour, the 
' forewings of the male being pale yellowishTbrown, those of the. female pale 
grey. The sexes of our beautiful forest-dwelling moths Azelina gaUima 
and A. ophiopa differ in size, colour, and wing-outline. Dedana glacialis, 
a brilliant day-flying mountain species, which almost certainly mimics the 
distasteful species belonging to the genus Metacrias, has the male much 
more brilliantly coloured than the female, and this is almost certainly due 
to the operation of sexual selection. 

In the family Tortricidae remarkable sexual disparities exist in certain 
species belonging to the genus Harmologa, which are found high up on our 
southern mountains, and fly rapidly in the hottest sunshine. Of these 
probably the largest and handsomest species is Harmologa trisulca, recently 
discovered at Arthur’s Pass. The male is a very rich reddish-brown with 
a vivid orange-yellow longitudinal stripe on the forewings, the hindwings 
being dark greyish-brown. In the female the forewings are dull ochreous 
and the hindwings pale straw-colour. The other mountain species of the 
genus exhibit a similar class of colouring, but in the lowland species; which 
fly at dusk or by night, the difference between the sexes is unimportant, 
and the males are not more brilliantly coloured than the females. 

Our largest native Icpidopteron, the well-known Hepialus virescens, 
exhibits most striking sexual differences in wing-outline, colouring, and 
markings. All these characters are, in the female, more concordant with 
the usual type of the genus than in the male, and it is a fair inference that 
the peculiarities of the male have been more recently acquired. The general 
colouring of both sexes of Hepialus virescens is equally protective when the 
insect is resting amongst foliage ; but probably that of the male is more 
beautiful, and certainly brighter, than that of the female, and hence may 
have arisen through sexual selection. In connection with our insect, it 
may perhaps be of interest to mention that in its close British ally 
the Ghost-moth {Hepialus humuli) all the wings of the male are snow- 
white, the forewings of the female being dull-yellowish and the hindwings 
^ey. Of this species Mr. Kichafd South tells us that the males may be 
seen in the evening, sometimes in numbers, in grassy places, swaying 
themselves to and fro without making progress, and appearing as though 
they dangled from the end of an invisible thread ; the female flics 
straight, and, as a rule, in the direction of one or other of the pendulous 
males.* In this case it would appear that the unusual disparity in colour 
between the sexes has been beneficial to the species in enabling the female 
to discover the male, a reverse arrangement to that usually subsisting. 
In the Shetland Islands the white male of the Ghost-moth is usually 
replaced by a variety (thulensis) in which the male is coloured very 
similarly to the female, and this is explained by the fact that in that 
northern latitude the summer nights are never dark, and the conspicuous 
white colouring of the male is not necessary. 

In many species of moths, especially those having females of obscure 
or retiring habits, the antennae of the males are heavily branched on each 
side, or, as it is technically termed, bipectinated, those of the female being 
^lightly branched or simple. In these species the males have the power 
of discovering a female even when situated at a considerable distance. 
Collectors habitually turn this fact to good account, for if they happen to 


* B. South, The Moths of the British Islarids, ser. 3, p. 361. 
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breed a female they can, by enclosing the same in a gauze-covered box 
and placing it at an open window, attract quite a large number of males- 
Experiments have been made to ascertain the means by which the malest 
are enabled to find the female when situated at such remote distances, and 
the mode of tracking by scent does not afford a satisfactory explanation*^ 
In fact, there appears to be little doubt that the mysterious faculty is 
located in the heavily branched antennae, and that some sort of communi- 
^cation is set up of the nature of wireless telegraphy. 

6. Order Hymenoptera. 

In this important order, which includes the ants, bees, wasps, ichneumon 
flies, and their allies, the principal differences between the sexes relate to 
special structures, such as the pollen-bearing apparatus of the hive-bee, 
useful to the female in tending the young. They do not, therefore, concern 
us in connection with the subject of this paper. A few of the Hymenoptera 
are brilliantly coloured in both sexes, and in those instances where warning 
colours arc not indicated this may be due to the effects of sexual selection. 

7. Order Coleoptera. 

The order Coleoptera, comprising the beetles, is the highest order of 
insects, and also contains the greatest number of species, of which about 
150,000 are known to science. Commencing with that division known as 
the Lamellicorns, on account of the structure of their antennae, we find 
that a striking disparity between the sexes exists in our native stag-beetles; 
The males of the genus lA^sotes have a large head and jaws and a very large 
prothorax, these salient features being strikingly absent in the females. 
Amongst allied genera in the tropics the most bizarre forms exist, many 
of the males having huge horny processes on the crown of the head and on 
the back of the prothorax ; and unless these extraordinary structures are 
useful in making an impression on the female sex it seems impossible to 
assign any reason for their presence in the male sex alone. 

The male of our interesting, though dull-coloured beetle, Rhipistena 
lugubris, has the joints of the antennae furnished with long lateral processes, 
the whole organ forming a conspicuous fan. This remarkable structure is 
also present in the female, but in a very reduced form. In the male of our 
most beautiful Longicorn beetle, Coptomma variegata, "the antennae are 
nearly twice as long as in the female, and in a variable degree this disparity 
prevails amongst the numerous Longicoms we havfe in New Zealand. The 
male in the curious genus Exilis, a genus belonging to the Anthribidae, 
a family of weevils, also possesses enormously long antennae, those of 
the female being often less than half the length. The male of Psephclax 
coronatus, a short stumpy-lookihg weevil, has a conspicuous coronet of spines 
on the back of each of its elytra. This structure is entirely absent in the 
female and in all the other members of that extensive genus of weevils. 
Very striking sexual differences are also present in Raranomocerus spiculus^ 
the male of this fine weevil being fully twice the size of the female, and 
furnished with a long rostrum and very long elbowed antennae. 

All the sexual disparities amongst our native beetles are, however, 
completely overshadowed by those present in the huge Brenthid Lasio- 
rhynchus barbicornis, undoubtedly one of the most stril^g and interesting 
insects we have in New Zealand. The male, which is usually about twice 
the length of the female,, has an enormous rostrum, with the antennae 
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Arising from its extremity. The rostrum of the female is of a totally 
difEerent structure, with the antennae arising from its middle. Many 
years ago Dr. Sharp, one of our greatest authorities on the Coleoptera, 
was so impressed by the extraordinary sexual disparities exhibited by this 
beetle that he wrote to the late Mr. Helms, at Greymouth, requesting him 
to endeavour to find out something about the insect's habits. Mr. Helms, 
who was then one of our keenest entomologists, replied that the female 
hisiorhynohus barhicornis is indefatigable in her boring efiorts, 4>ut that ^ 
the huge male stands by as a witness, apparently of the most apathetic 
kind. I am not aware that later observers have elicited any further 
information on this interesting subject. 

In addition to the above special examples it should perhaps be added 
that some beetles are brilliantly coloured and have beautiful markings, 
and nearly all are ornamented with elaborate sculpture. From a strictly 
utilitarian standpoint it is difficult to see how such endowments are of 
any direct benefit to the possessor in the ordinary struggle for existence ; 
but if the principle of sexual selection be admitted the presence of such 
elaborate adornments is quite intelligible. 

This completes the examples specially selected for the purpose of this 
paper. ^ It should perhaps be explained that other instances of the 
operation of sexual selection could have been found, even amongst our 
native insects, but it has not been deemed desirable to extend the paper 
to an undue length. To those who have studied Part II in Darwin ^s 
DesceM of Man it will be unnecessary to state that even more convincing 
examples can be found amongst other classes of animals (notably birds), 
and also in other lands. It may be safely said that sexual selection has 
been a most powerful factor in organic evolution, operating in countless 
instances wherever its progress has not^been stopped by the more rigorous 
principle of natural selection. Darwin clearly demonstrated that sexual 
selection has taken a very prominent part in the evolution of man, and 
there is no reason why its effects should not continue in the future. That 
a principle of such profound importance should receive so little practical 
attention is indeed surprising. We constantly hear of the paramount 
importance of education, and latterly we have heard a great deal about 
the benefits of discipline and of physical tr^iining. Every naturalist knows, 
however, that the effects of the most vigorous and successful training are 
not inherited by the offspring of those who are trained : ‘ each generation 
has to start to learn afresh. Not so, however, in the case of selection, 
the effect of which is permanent. It is a fact of the highest certainty that 
individuals possessing certain special attributes, if selected for breeding 
purposes, will transmit those attributes to their offspring. Hence we can 
see why the effects of sexual selection are so manifold throughout the 
whole animal kingdom. 
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Art. XXXVII. — The Leaf-mining Insects of New Zealand, 

By Mobbis N. Watt, 'F.E.S. 

[Bead before the Wanganui Philosophical Society, 3rd December, 1919 ; received by Editor, 
31st December, 1919 : issued separaidy, 13ih July, 1920J\ 

Plate XXX. 

INTRODUCTION. 

Perhaps no other /class of insects is so fascinating to study as*^ the leaf- 
miners. Inconspicuous and retiring in their habits, these tiny atoms easily 
escape hotice ; this and their microscopic size have kept these insects among 
the least known in any country. ‘But actually their study is comparatively 
easy. Their life-cycle is so short, especially the active or larval part of it^ 
that there is little worry about procuring fresh food. Infected leaves can 
be kept fresh sufficiently long if placed in a damp atmosphere and the air 
not allowed to stagnate. I have found glass Petrie dishes invaluable 
for this purpose ; a piece of damp blotting-paper in the bottom of the 
dish keeps the interior sufficiently moist, and if the lids be lifted fairly 
frequently, so as to change the air, a plentiful crop of moulds is prevented. 
Leaves can be kept sufficiently fresh in this way for several weeks — quite 
long enough to allow the larvae to pupate. In other cases branchlets bearing 
the infected leaves may be kept in water in vases ; and where the larv^d 
stage is long, or the observer wishes to watch the insects under natural 
conditions, the entire food-plant, if not too l^rge, may be carefully trans- 
planted. Occasionally it has been necessary to transfer a larva from a 
withered leaf to «. fresh one, a small artificial gallery being first constructed 
under the cuticle of the fresh leaf and the larva coaxed into it. In the case 
of one minute weevil-larva eight such transfers had to be made during 
the three months of larval life. Some larvae do not confine themselves to 
one leaf, and destroy several or many in their lifetime. The members of 
another class of larvae are pseudo-miners ; they act the part of miners 
for a part only of their larval existence. It is not sufficient to observe these 
insects in a state of captivity ; 4t is essential to observe them in the field. 
Rearing them is the only way in which the collector can obtain perfect 
specimens (otherwise unprocurable) in plenty for his collection. There 
are no slack months in the year for the investigator of leaf-miniilg insects ; 
they are almost as plentiful in winter as in spring, and undoubtedly winter 
is the time to look for new species. 

Of the seventy species that I have at present under observation the 
great majority are eijbher n^'w or only recently described. There are 
indications that New Zealand possesses a large number of leaf-mining 
insects. I have never yet failed to confe home from an expedition with 
several species new to me. It has therefore become necessary to divide 
the paper into a number of parts, and for the sake of order and complete- 
^ness each part will deal separately with a single genus or group in so 
far as they are known. Odd species will be published in separate ^parts. 
The parts at present in hand are : The genus Beddlia ; the Nepticffiids ; 
several species belonging to the g3nuB Olyphteryx ; the Elachistidae ; the 
genus Gelecia (all belonging to the Lepidoptera) ; new species of the genus^ 
Phytomyza (leaf-mining Diptera) ; the leaf-mining weevils. There is also 
in preparation a monograph on the New Zealand gall-producing insects. 
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- ' PART I.—THE GENUS PARECTOPA (LEPIDOPTERA). 

This part comprises the life-histories of — (1) Parectopa citharoda Meyr., 
(2) P. zorionella Hudson, (3) P. panacitorsens n. sp., (4) P. panad- 
vermiforma n. sp., (6) P. panacicorticis n. sp., (6) P. panacifinens n. sp., 
(7) P. aelhmachi Meyr., (8) P. panacivagans n. sp. 

Of the remainder of the genus, P. aethcdota {Trans, N.Z. Inst,, 

vol. 21, 1889, p. 185), P. leucocyma Meyr. {Trans, N,Z, Inst,, vol. 21, 1889, 
p. 184), and P, miniella Feld, (see Trans, N,Z, Inst,, vol. 21, 1889, p. 185) 
have not yet been observed. These complete the genus in New Zealand 
as at present known. 

Those studied are all miners of the long-gallery type, and all except 
P. citharoda make their cocoon and pupate in the terminal part of the mine. 
P. citharoda offers other interesting details distinct from the rest of the 
genus. At present the only ova found and described belong to P. citharoda. 
Owing to lack of time and material I have had to omit the descriptions 
of the larvae of this genus, but a complete account will be given later iu 
a supplementary part, which it is hoped will also include the species not 
given in the present paper. From what little I have seen of the larvae, 
there will be some extremely interesting points to bring to light. In my 
early paper on P. citharoda I gave a short sketch of the setal plan, but in 
light of more recent work this needs revision, and Fracker’s nomenclature 
(“ The Classification of Lepidopterous Larvae,” Illinois Biological Mono- 
graphs, vol. 2, No. 1, 1915) should be adopted. The head-capsule and head- 
setae need investigation. 

The Chief Characteristics of the Parectopa Pupa, 

In shape long and slender, more or less bluntly rounded at the head 
(except for the pointed cephalic plate), and gradually attenuated towards 
the other extremity. Length averaging from 5 mm. to 8 mm. Attached 
to the front in its uppermost part is a heavily chitinized cutting-plate 
(the cephalic plate) directed upwards and forwards ; on either side of this, 
and about midway between it and the base of the antenna, is usually a short 
stout incurved cornu ; while in front of the cephalic plate is a pair of promi- 
n^t tubercles bearing each a long slender seta. The antennae cover 
a portion of the outer lateral part of the pigmented eye, and extend usually 
the whole length of the body ; they are segmented and free in their lower 
part. Mandibles are present, one on either side of the labrum, but are 
small. The maxillary palpi are very distinct in P, citharoda, adjoining 
the margin of the antennae externally and occupying the lower border 
of the eye, between it and the first legs and maxillae ; in the other species, 
however, they are obscure and doubtfuL The labial palpi are long and 
slender, and about one-sixth of the body-length. The maxillae are long 
Ahd slender, and usually reach to about midway between the ends of 
the fijst and second legs ; usually a portion of the lateral margin of the 
upper fifth of the maxilla is encroached upoi^ by the femur of the first leg. 
The third legs appear from below the second, and extend generally as far 
as the seventh abdominal segment. Forewings long and narrow, with 
pointed incurved extreinities, and occupying about one-half the body-length. 
The ventral appendages, with the exception of the wing-Lips, third legs, 
and antennae at their caudal extremities, are not free. The prothorax is 
much narrower in the mid-dorsal region than laterally. Mesotihorax is th^ 
longest segment of the body, and is extended caudally. Metathorax about 
as long as the abdominal segments, and the wings occupy a narrow strip 
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as far as the second segment. Abdominal segments of about equal length, 
except for the terminal three ; dorsum thickly covered with very fine spines ; 
movement can take place between 4-6, 6-6, 6-7 ; spiracles small, circular, 
slightly elevated, covered by the wings in the first abdominal segment, 
obsolete in the eighth, absent in the ninth and tenth. Cremaster absent, 
the terminal segment being bluntly rounded or produced into two fini^i'- 
like processes, each bearing a minute apical hook. Setae present, slen<fer ; 
a dorsal pair on meso- and meta-thorax and abdominal segments except 
the last ; a dorso-lateral pair and a lateral pair on most of the abdominal 
segments, details of which are given under the different species. 

The pupa is extruded from the cocoon as far as about the first legs, and 
always with its dorsal surface next the surface of the leaf on or in which 
the cocoon is constructed. The appendages are therefore outermost. As 
soon as the imago has become freed it retreats to the underside of the Jeaf, 
where it shelters quietly while the wings expand and dry. 

Meyrick (“ Revision of the New Zealand Tineina,”* Trans. N.Z. Inst., 
vol. 47, 1915, p. 227) gives the chief characteristics of the Gracilariadae as : 
“ Head with appressed scales. Antennae 1 or over 1. Labial palpi slender, 
ascending, tolerably pointed. Maxillary palpi moderate, filiform, por- 
rected. Fore wings with 7 and 8 stalked or separate. Hind wings lanceolate 
or linear.” And he then divides the three genera as follows : — 

Middle tibiae not thickened — 

(a.) Posterior tibiae with bristly projecting scales above Acrocercops, 
(b.) Posterior tibae without bristly scales : Parectopa. ^ 

Middle tibiae thickened with dense scales ; posterior tibiae without bristly 
scales : Gracilaria. 

Hence the absence of the thickening of scales on the middle and 
posterior tibiae is the distinguishing characteristic of Parectopa. 

(1.) Parectopa citharoda Meyr. (The Wattle Parectopa). (Plate XXX, fig. 1.) 

Parectopa citharoda Meyr., Trans. N.Z. Inst., vol. 48, 1916, p. 418 ; 

Watt, loc. cit., pp. 407-13. 

For the sake of completeness I recapitulate below the chief points 
from my earlier paper on this species, together with a little new material 
that I have noted since publishing the paper referred to. 

Meyrick' s Original Description. 

‘‘ $. 10 mm. Head probably white (injured). Palpi white. Thorax 

white, patagia dark fuscous. Abdomen dark grey, sides obliquely striped 
with white, ventral surface white. Forewings very narrow, moderately 
pointed ; dark bronzy-fuscous, towards apex lighter and more bronzy ; 
five Jender white blackish-edged streaks from costa, first three very oblique, 
first from J, reaching half across wing, second from middle, reaching more 
than half across wing, its apex closely followed by a shoi^fc fine dash, third 
shorter, fourth fine, direct, reaching termen, dilated on costa, fifth just 
before apex, fine, inwardly oblique, cutting through a small round blackish 
spot ; a white dorsal streak from base to middle, terminated by an oblique 
projecting streak reaching nearly half across wing ; a w^hite triangular 
spot on dorsum beneath apex of second costal streak ; a short outwardly- 
oblique white streak from tomus : cilia greyish, with white bars on costal : 

arkings, and dark-fuscous median and apical^lines above apex separated 
^^th whitish. Hindwings dark slaty-grey : cilia fuscous.” 
wi ' 
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In all perfect specimens the head is white. 

This pretty little moth may be found basking in the sun on the leaves 
of its food-plant, or flying about the shrub. Few were seen to fly far from 
the bush even when beaten out. It is not very shy, and can be knocked 
straight into the killing-bottle without using the net. Its attitude of rest 
is peculiar, the body-b^ing held at an acute angle to the surface of the leaf, 
with the head lowermost, almost touching the leaf ; the hind legs are kept 
close to the body, and elevate the hinder part in the air, while the first and 
second legs are held almost at right angles to the body, close together, and 
slightly forwards. The Panax moths rest with the head end elevated. 
There are several broods during the summer, larvae being found at any 
time between the months from July to March. Most possibly the larva 
hibernates in the cocoon. 

Distribution, . 

Wanganui. During the last few years this moth has become very 
plentiful wherever its food-plants happen to be growing. In December of 
1919 the young leaves of the wattles in the Virginia Lake Reserve were 
badly infected. I also came across new and old mines in the Botanical 
Gardens in Wellington in September. 

Food-plants, 

The Australian broad- and narrow-leaved wattles (Acacia pycnantha. 
Acacia saligna). Indigenous food-plants still unknown. It would seem 
as though this moth had been introduced from Australia. 

Egg-laying. 

The eggs are laid on either side of the young tender leaves in no 
specially favoured part. They are also to be found on the young stems 
and seed-pods. The egg is flat, wafer-like, slightly rounded above, with a 
narrow irregular margin or rim. round the circumference. Average dimen- 
sions 0*65 mm. by 0*46 mm. No marked sculpture except very minute 
' white elevations arranged in a somewhat hexagonal pattern. Shiny ; 
colour a pale transparent white ; strongly cemented to the leaf ; period of 
incubation about fourteen days. 

The Mine. 

The mine may be on either side of the leaf ; is a long, narrow, slightly 
ea 5 )anding gallery, more or less tortuous in direction, and generally up and 
down the long axis of the leaf. Total length from 7 in. to 8 in. Colour of 
early part of mine white, with a thin brovm or black central line of f rass ; 



Fig. 1. — ^Mine of P. citharoda in Acacia saligna, (Natural size.) 


later a somewhat lighter green than the rest of the leaf-surface ; this portion 
of the mine loosely packed with fine frass granules. The cuticle over old 
jnines rapidly dies and becomes brown. Badly infected leaves wither and 
fall from the tree. The final inch or so of the mine is often expanded 
ink) a somewhat irregular, flarrow, elongated blotch. 
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The Larva, 

In the first stadium the minute larva is light green in colour^ Jiead light 
brown ; it bears no setae. These do not appear till the thi^ and last 
stadium, in which the ^ general colour is light greenish-yellow with a faint 
white spiracular line. Length 6-7 mm. ; spiracles minute, circular ; pio- 
legs on segments 3, 4, and 5, each armed with a single shojt transverse 
bar^of about seven booklets. Body covered with minute hairs. Revised ' 
details of the chaetotaxy will be' given in a future paper, together with 
details of the head-sclerites, &c., when a comparison of aU the Pareciofa 
larvae will be given. Number of larval stadiums three, the first and second 
about ten days each, the third about twenty days. When full-grovoi the 
larva leaves the mine and descends to the vegetation round the foot of the 
tree, amongst the dry fallen leaves of which it constructs its cocoon. 

The Cocoon, 

This is an extremely pretty little structure of white silk ; usually con- 
structed in some concavity; its upper and outer surface slightly rounded, 
and covered with minute white fleecy globules, the ihajority of which may 
be removed by blowing upon them. These globules are excreted by the 
larva during the construction of the cocoon, and are ejected from the 
interior through rents torn in the covering of the cocoon by the larva itself, 
eighty to a hundred or more being so ejected. The construction of the 
cocoon occupies about two days. 


, The Pupa, 

Colour white, to light yellow, to black with obscure white markingB 
(see description of a typical Parectopa pupa above). The following are the 
chief characteristics : Head bluntly rounded ; cephalic plate smaU, having 
a comparatively broad, transverse, semicircular, serrated cutting-edge ; the 
plate is quadrilateral, being continued dorsally, and is depressed just behind 
the cutting-edge ; the antennae extend some distance past the terminal 
abdominal segments ; clypeus somewhat prominent, and bears a small 
tubercle and seta on either side just above the labrum ; no lateral cornua 
or frontal tubercles ; maxillary palpi quite distinct, fairly broad, sculptured 
with fine transverse rugae ; labrum and mandibles a little distance above 
the lower margin of the eyes ; maxillae narrow in their entire length, and 
about one-fifth of the body-lefijgth ; first legs extend beyond the termina- 
tion of the maxillae and meet in the mid-line, about one-quarter the body- 
length, their femora occupying a long narrow strip along the outer lateral 
margin of the maxillae ; second and third legs as in type ; prothorax 
quadrilateral, occupying a narrow strip between the antennae, only slightly 
narrower in the mid-dorsal region ; setae present but extremely minute, 
only the dorsal pair being present in the meso- and meta-thorax and first 
abdonpnal segment ; in segments 2 to 6 inclusive the same three paiiB 
of setae as in type ; in segment 7 the dorsal pair only, and no setae were 
discovered in segments 8, 9, and 10 ; no cremaster, terminal segment bluntily 
rounded and bare ; movement takes place between 4-6, 6-6, 6-7, but the 
pupa is not active ; no sign of any lateral flanges on the abdominal seg- 
ments ; average length of pupa 4-6 mm. A table of the chief measurements 
was given in the earlier paper, which the above notes are not intended to^ 
replace. Duration of the pupal stage, eleven days to a month or, longer, 
according to climatic conditions. 
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Dehiscence. 

The front, with its cephalic plate, clypeus, labrum, eyes, labial palpi, 
and maxillae, becomes separated in one piece, but remains attached at the 
lower extremity of the maxillae by loose slips. There is a slight splitting 
along the dorsal margin of the antennae, but no violent nipture takes place, 
and the antennae and first and second legs retain their connection and 
position in one piece on either side. The vetex remains attached to the 
prothorax, but is cleft down its vertical "suture ; this cleft, continuing and 
dividing the prothorax, extends about half-way down the naid -dorsal region 
of the mesothorax. 

(2.) Parectopa zorionella Hudson (The Coprosma Parectopa). (Plate XXX, 

fig. 2.) 

Parectopa zorionella Hudson, Ent. Mo. Mag., 3rd ser., vol. 4, p. 62, 
1918. 

The Imago. 

Since Mr. Hudson’s desciiption of this little moth is not readily acces- 
sible to all entomologists in New Zealand, I take the liberty to reprint it 
here : “ The expansion of the wings is f in. The forewings are elongate- 
oblong with the costa strongly arched ; very dark brownish black with 
very vivid steely-blue reflections; there is a large semicircular silvery-white 
spat on the costa a little beyond the middle ; an oblique silvery-white bar 
beyond f, and two much smaller bars just before the apex ; there are three 
minute silvery spots on the dorsum. The hindwings are dull steely-grey. 
The cilia of the forewings are black ; of the hindwings dark grey tinged 
with bronze towards the body.” 

The adult moth is not by any means common in the field, possibly 
owing to the widespread destruction of the larvae and pupae by hymen- 
opterous parasites ; the great majority of mines that I have examined were 
so infested. Mr. Hudson^ says the imago may be found among light scrub 
in November. I myself have not seen the moth outside my breeding- 
dishes. As soon as it has emerged from the cocoon it retreats to the 
shelter of the underside of the leaf, where it rests in its peculiar attitude 
of head elevated, while its wings spread and dry. 

Distribution. 

The mines of this moth are common on Mount Egmont to an altitude 
of nearly 4,000 ft. I have found them there during the last three years, 
and*take the following extracts from my notebook: 10/1/17, only old 
vacated mines found ; 22/4/17, old mines, fresh mines, and larvae plentiful, 
no pupae ; 23/12/17, mines and pupae.” Of those obtained 22/4/17 the 
images emerged about the middle of August following. Mr. Hudson records 
the perfect insect in November in the Botanical Gardens, Wellington, where 
I have found the mmes quite plentiful in February, but chiefly parasited. 
I was in Wellington again in June and found many mines, but all empty ; 
in September I found no mines ; in December a number of pupae were 
obtained, and from these the images emerged about the end of the same 
month. Pupae obtained on Egmont in the beginning of January all 
emerged during the month. A few mines have been found in Wanganui, 
but, so far none in the Soutli Island. I am able to note that since the 
preparation of this paper Mr. George Howes found pupae at Waitomo 
ab^ut the end of March, 1920. It would appear as though there were two, 
if hot three, broods in the year. ’ 
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Food‘jAants, / 

Coprosma grand'^ia (kanono, raurakau), G. tenuifolia (karamu), 0. h^cidu 
(karamu), C. rohista (karamu), G. retma (taupata). 

It was chiefly in the younjg plants of these shrubs that the mines weri 
found, and within a foot or so of the ground. No doubt other species gtf 
Coprosma are also attacked. 

Eggdayiruf, 

The ovum has not yet been observe. It is laid, however, invariably 
on the imder-surface of the leaf, and as a rule near the midrib, and in the 
lower (basal) half of the leaf. Laid singly, and rarely more than two on 
any one leaf. 

The Mine. 


The larva mines directl)riS^to the leaf through the bottom of the egg. 
The mine is at first a long, sl5n&er, slightly tortuous, gradually widening 
gallery ; the first centimetre or s6 being on the under-surface of the 
leaf, close against the cuticle, showing up white and silvery by reflected 



Fig. 2. — Mine of P. zorionella in Coprosma. (Two-thiids natural size. ) 

(X — X, point where the mine leaves the under-surface of 
the leaf and comes close under the upper cuticle.) 

light. The remainder of the mine, however, is on the upper surface. In 
the last stage the gallery expands, more or less abruptly, into a large 
irregular blotch. The gallery at first is ^bout 0*5 mm. in width, its 



lower to upper portion of the leaf.) 

margins regiilar ; on the upper surface of the leaf, however, the margins 
become irregular and slightly serrated, the margin of the blotch being * 
irregular as a rule, but the dentations are comparatively large and rounded. 
The gallery may attain a length of from 4 in. to 6 in., according to the 
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Ifeute of the leaf in which it is contained ; in small leaves it beooi^^ 
incorporated in aiid obliterated by the blotch — so much ^ Jihat no 
of any gallery can be foimd. It usually follows the midrib or margin of 
the deaf along its greater extent, sometimes being deflected by the coarser 
veins; in this manner its course may be slightly tortuous, but rarely 
maric^ly so. The midrib forms an impassable barrier except at its upper end. 
The irregular blotch may cover an expanse of about 1 J square inches. Colour 
of the mine conspicuously white or light green, sometimes discoloured a 
bright reddish-brown, but patchy in character. That part of the leaf 
covering the blotch is, in fleshy leaves, more or less mottled in shades of 
green according to the closeness of the mine to the outer cuticle. Frass 
exceedingly scanty, black, finely granular, occupies a thin line near one 
side of the gallery, sometimes abruptly changing from one side to the other. 
After the fost moult the granules are irregularly scattered over the floor 
of the mine. Leaves are seldom found containing more than two mines. 
The blotch is almost invariably boimded on the outside by the margin of 
the leaf. 


The Larva. 


The first moult occurs about 6 cm. or 7 cm. irom the commencement 
of the gallery. Structural details of the larva are reserved for a future 
paper. 

The Cocoon. 

The cocoon is a delicate structure of white silk within the blotch part 
of the mine. It is oval in outline, and compressed above cmd below. 
Average size 10 mm. by 4 mm. The head end may be slightly broader 
than the other. It is not conspicuous from the exterior, a very slight 
puckering of the leaf around its circumference, and a small degree of 
fullness in that part, alone betraying its presence. On holding the leaf 
up against the light the pupa may be distinguished by its shadow, and 
its health determined by the vigour of its movements when so disturbed. 
There is no evidence on the exterior of any prepared place for exit. 


The Pupa. 

As seen from the side the pupal outline is rounded at the head (except 
for the cephalic plate), and more prominent dorsally. There is a slight 
stricture in the dorsal outlftie at the prothorax, otherwise the dorsal 
outline is almost straight. Ventrally there is a fairly deep stricture 
between the eye and the first leg,^ occupied by the maxillae. Ventral 
profile somewhat rounded, the body becoming shghtly attenuated towards 
the caudal extremity. A ventral view of the pupa shows the cephalic 
plate occupying about one-third of the width of the head between the 
antennae ; the outline from its base to the antenna is almost straight ; 
the greater diameter is opposite the caudal extremity of the labial palpi, 
the body from here becoming gradually attenuated caudally. 

The head : Cephalic plate well developed into a long, slender spear- 
point, about one and a Jialf times the length of the eye, twice as long as 
its ventro-dorsal diameter at its base, projected forward at an angle of 
about 45"" to the long axis of the pupa ; the pair of frontal tubercles 
bear long and slender setae, slightly longer than> the cephalic plate ; no 
trace of lateral cornua. Eyes large, prohainent, only slightly covered by 
babe of antenna. Labrum situated between eyes at about their middle, 
liandibles small but encroaching caudally upon the labrum. Labial palpi 




long and slender, aliglitly expanded in their jnidd^^ third. MaxSlae 
broad above, narrows b^ween first legs, but slightly expanded at tibiefr 
tips, which are situated about midway between first and second legs. 



Fia. 4. — Pupa of P. zorioneUa^ ventral view. 

Fig. 5 . — ^Lateral view of head. 

, Fig. 6. — Dorsal view. 

cPf cephalic plate ; A, antenna ; F, front ; XP, labial palpi ; Max, maxillae ; 

Xi, Xj, X3, first, seccMid, and third legs ; Tf 1, forewing ; V, vertex ; M, eye ; 

P, prothorax; mp, maxiUaiy palp; Ma, mesothoiax; Mt, metathoiax; 

hindwing. (All figures of pupae are carefully drawn to scale, but all 
are not neoessarfly to the same soue.) , 

Maxillary palpi obscure. Antennae segmented, parallel in their lowei 
three-fifths, but separated by the second and third legs, extended whok 
length of body. 









' ' Tranmeti^m, 

Thoracic appendages : Legs as described in type ; first legs about twice 
as long as labial palpi ; second legs constricted in their middle one-third 
by the first legs and maxillae, about one-third as long again as the first, 
and terminate just above tips of forewings ; second legs terminate just 
below the junction of segments 6 and 7, about half-way between the ends 
of second legs and antennae. Forewings reaching about the middle of 
the fifth segment, pointed, and slightly incurved. Prothorax constricted 
mld-dorsally. Mesothorax as in type. Metathorax as in t 3 pe, wings 
not extending beyond first segment. Abdominal segments, spiracles, and 
setae as in type, also the thoracic setae. The first abdominal segment 
bears only the dorsal pair of setae. All the setae are directed caudally. 
There is a slight lateral ridge on segments 2-8 inclusive. The dorso-lateral 
seta is situated just dorsal to the ridge, below the level of the spiracle, is 
shorter than the lateral seta, which is situated close against the dorsal 
margin of the wing in segments 2-5, and caudal to the spiracle. On 
segments 5-8 inclusive there is a second rather more prominent lateral 
ridge, ventro-lateral and parallel to the other ; the iateral seta and spiracle 
are situated between these two ridges. 

The pupa is very active if disturbed, twirling its abdomen in great haste ; 
movement occurring between segments 4-5, 5-6, 6-7. Segment 9 bears 
only the dorsal pair of setae, while 10 bears no setae at all, but has a short 
pair of fleshy tubercles ventrally, each armed with a minute hook ; there 
is a pair of minute tubercles dorsally, while caudally the segment is pro- 
longed into two fairly stout finger-like protuberances, each armed with a 
minute hook at the tip. 

Colour of pupa before dehisence : Head black, eyes dark red, ventral 
appendages black with white markings, mesothorax black, metathorax and 
abdominal segments light grey. 


Chief Measurements of Pupa. 


' Measurement at 

1 

Longtii from Tip 
of Cephalic Plate. 

Transverse 
. Diameter. 

Ventro-dOTS 

Diameter. 


Mm. 

Mm. 

Mm, 

Base of eyes 

0-88 

0-82 

0*71 

End of labial palpi 

1-65 

100 

0*88 

End of first legs . . 

2-59 

0*94 

0*94 

End of maxillae . . 

300 

0-94 

0*94 

End of second legs 

3-76 

0-82 

0*88 

End of forewings . . 

4-00 

0-76 

0*82 

End of third legs . . 

4*76 

0*58 i 

0*59 

End of antennae . . . . 

6-88 

0*28 

0*29 

Extreme length . . . . 

6*88 

! 



' Dehiscence, 

The pupa is extruded through the upper cuticle of the leaf, as far as 
the third or fourth abdominal segment. The legs become separated in 
one piece on either side, but remain attached at their lower extremites by 
-small slips. The front, with cephalic plate, eyes, kbial palpi, maxillae, 
and antennae, remains in one piece, but is not lost. Porsally there is a 
rupture across the epicranial suture, thus freeing the front and its append- 
ages, and down the mid-dorsal arm of this suture, extending through the 
prothorax and upper two-thirds of the mesothorax. 
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(3.) Parectopa panacitorsens n. sp. (The Pemax Underside Moth). 

(Plate XXX, fig. 3.) 

The Imago, 

9 mm. Head and thorax white ; antennae grey-whitish ; palpi white 
with indistinct ring of black at apex of second joint, and a distinct sub- 
apical ring of black on terminal joint ; abdomen grey-whitish ; legs white, 
ringed with black, posterior tibiae white. Forewings light fuscous, mark- 
ings , white, interrupted with ochreous ; a narrow dark-ochreous stre^ak 
along costa at base to a small indistinct white area at a slightly 
larger and more distinct 'one at J, a square white patch at a narrow 
outwardly-oblique white streak at f reaching nearly two-thirds across wing, 
a small transverse white bar near apex, a broad white streak along dorsum 
from base to J, interrupted at J and J by an outwardly-oblique wedge- 
shaped spot of ochreous, that at J being very dark ; cilia dark grey with 
two black lines. Hindwings and cilia dark grey. 

There is also a North Island variety, which attacks 
Sindairii, (Plate XXX, fig. 7.) 

8 mm. Head light grey-whitish ; palpi white with two black rings *, 
antennae grey-whitish. Thorax grey-white with narrow central streak of 
fuscous dividing caudally into a small V-marking. Abdomen dark grey ; 
legs white with black rings. Fore wings golden brown irrorated with black ; 
markings white, tending to be indistinct ; cilia light brown with a distinct 
black line, blackish externally. Hindwings dark grey ; cilia dark grey on- 
costa, lighter bronze -gre)’^ on dorsum. 

Distribution, 

Several mines were found at Aberfeldy, in the Wanganui district, in 
May of 1918, but all were old. Several mines with pupae were obtained 
ill the Bush Reserve, Flagstaff, Dunedin, early in November, 1919, and 
these emerged during the first week of December. 

The North Island variety is a fairly common little moth in season on 
Mount Egmont at 3,000 ft. Numbers of mines were found in the vicinity of 
the North Egmont House and Da wson’s Falls, and beside the track on the 
way up the mountain. Pupa were obtained fairly plentifully in December 
and early January, and these emerged during January and February. First 
found in December, 1916. No larvae or fresh mines were found during a 
short trip taken to the mountain in April of 1917. 

^ Food-plant, 

Nothopanax arhoreum (whauwiiaupaku). 

The North Island variety was found only in very young plants of 
Nothopanax Sindairii, generally within a foot or so of the ground. 

The Mime, 

The egg is laid on the under-surface of the leaf, but otherwise in no 
more favoured position. The mine is entirely on the under-surface of the 
leaf ; no signs whatever of it on the upper surface. Throughout its whole 
course , it is a simple gallery, and very tortuous in its direction. Commenc- 
ing with a width of a little under 1 mm., it has a width of 3"4 mm. in its 
later parts. The chief direction is in the long axis of the leaf, and the outer 
portions of the leaf are more mined than the centre — in fact, nearly three- 
quarters of the entire margin of the leaf forms the external margin of the 

16 — ^Trans. 
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mine. The gallery twists and turns, and in its course follows so cl^se against 
the earlier portions that the partition between them is broken down, and 
finally the entire minfe appears to form a huge blotch occupying about one- 
half the leaf-surface. Though thus closely following its former track, it 
rarely crosses it except under direct need. The midrib forms a barrier, 
except in its upper and thinner part, where it is invariably crossed. The 
final length of the mine may average as much as 26 in. Colours in the 
early stages white with a fine brown central line occupied by the frass ; 



Pig. 7. — ^Mine of P. panactitorsens in a leaf of NotJiopanax arhoreum. The dotted 
line shows the course taken by the larva ; the heavily dotted line is the 
earliest part of the ipine. (Two-thirds natural size.) 

the remainder of the mine, however, is only a shade paler green than the 
rest of the leaf, and so is most inconspicuous. The track can be made 
out by the fine black frass granules strewn in close convex lines across the 
gallery ; these are quite plain on the under-surface of the leaf if looked 
for, thus demonstrating the extreme thinness of the covering cuticle. There 
is a narrow portion of the gallery on either side not occupied by frass, so 
this outer margin is somewhat lighter in colour. The margins of the gallery 
are regular and even. 




Pig. 8. — Part of track of P. panaciiorsens on underside of leaf of Nothopanax Sinclairii. 
Pig. 9. — ^The same leaf showing part of mine visible on upper surface. (Natural size.) 

In the case of Nothopanax Sinclairn the whole leaf is so mined that 
the entire under-cuticle can be lifted cfi. The mine is not conspicuous, 
but a trained eye can detect the paler colour of the under-cuticle, its 
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freedom from attachment to the surface of the leaf, and faint frsLss 
lines. The only evidence on the upper surface of the leaf is an unusual 
crinkled appearance, and sometimes short lengths of ^he later stages 
of the mine where the larva has eaten deeper into the substance, of 
the leaf and reached the upper cuticle ; the pale-green portion of the mine 
so exposed is readily noticed. Frass is finely granular, very scanty, and 
offers no characteristic features. Very rarely, and then only in the larger 
leaves, were two larvae found working in the same leaf. 

The Cocoon, 

The cocoon is constmcted within the terminal part of the gallery, and 
invariably close against the outer margin of the leaf, and usually on that 
side opposite the one in which *the mine commenced. Shape ovoid, slightly 
broader at head end, 7 mm, by 3 mm. ; its long axis parallel to the leaf- 
margin. It consists only of a very thin covering of white silk. Its presence 
is quite conspicuous, due to the infolding and pupkering-up of the leaf 
round about it, and the small area of white transparent cuticle at the head 
end prepared for the pupal dehiscence. The pupa thrusts the fore part 
of its body through this window (which is, of course, on the under-surface 
of the leaf) at dehiscence. 

In the North Island variety the cocoon is a small, flattened, oval structure 
of white silk within the mine, generally found near the base of the leaf. It 
can best be detected by holding the leaf up against the light, when the 
pupa may be seen within. Externally its presence may be detected on the 
upper surface by a slightly elevated portion of the leaf. Size, 6 mm. by 
2*5 mm. There appears to be no prepared outlet for the pupa. 

The Pupa. 

The head as seen from the side is somewhat pointed, but rounded as 
seen ventrally, with a slight incision at base of antennae. Cephalic plate 
long and slender, three-bladed, sharply pointed, twice as long as broad 



10 11 


Fia. 10. — Ventral view of head of pupa of P. panacUorgBna, 

Fig. 11. — ^Lateral view. 

t 

at its base, slightly longer than length of eye. Lateral cornua well deve- 
loped, incurved, in length about three-quarters that of the plate. Frontal 
tubercules and setae long and slender, situated just caudally to the base 
of the cephalic plate ; bottom of labrum about the same level as base of 

16 * 
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eyes ; maxillary palpi obscure. Head, thoracic, and abdominal append- 
ages as in type.* Only a very narrow slip of the first femur is seen between 
the maxillae and first legs. Antennae slightly longer than body. There 
is a small dorso-lateral ridge on all abdominal segments. The meso- and 
meta-thoracic dorsal setae are long and slender^ and directed upwards 
and outwards ; only the dorsal setae found on segments 1 and 2 ; they 
exist on all the other abdominal segments except the last, and are 
directed caudally ; the dorso-lateral setae in segments 3, 4, and 5 are 
characteristic, being extremely long and slender, those on segment 3 being 
the longest and as long as the width of the body at this part ; they are 
all mounted on prominent tubercules at the cephalic end of the lateral 
ridges, and project upwards and outwards. The dorso-lateral setae on 
segments 6, 7, and 8 have a similar position, but are small and directed 
caudally ; there is a minute lateral seta ventral to and below the spiracle 
close against the outer or dorsal margins of the wing, and is found in 
segments 3-7 inclusive. All other particulars as in type. Tenth abdominal 
segment bi-digitato. 

Chief Measurements of Pupa. 


Meaguiemeot at 

Length from Tip 
of Cephalic Plate. 

Transverse 

Diameter. 

Ventro-dorsal 

Diameter. 


Mm. 

Mm. 

Mm. 

Base of eyes 

0-76 

0*76 

0*55 

End of labial palpi 

lf>5 

0*83 

0*79 

End of first legs . . 

2-48 

0*72 

0*79 

End of maxillae . . 

.310 

0*62 

0*76 

End of second legs 

3-38 

1 0*65 

0*72 

End of forewings . . 

3-79 

' 0*45 

0*62 

End of third legs . . . , . . 

4*62 

0*24 

0*27 

End of tenth segment . . . . 

5*10 


, , 

End of antennae . . . . . . 

5*38 

' •• 1 




Dehiscence. 

A transverse split along the epicranial suture frees the frontal head- 
piece, with its cephalic plate, antennae, labial palpi, and maxillae, all in 
one piece, and this is forced forward, but retained in its lower extremity 
by loose slips ; the first and second legs form a separate piece on either 
side, but are retained more or less in position ; a mid-dorsal splitting cleaves 
the vertex, prothorax, and upper two-thirds of the mesothorax. 

(4.) Parectopa panacivermiforma *n. sp. (The Panax Vermiform Moth). 

(Plate XXX, figs. 4 and 9.) 

The Imago.. 

10 mm. Head white ; palpi white, with a few black scales on outer side 
of apex of second joint and a distinct black subapical ring on terminal joint ; 
antennae grey-whitish. Thorax white, with a narrow central line of light 
fuscous branching caudally into a small V-shaped marking around meta- 
thorax ; legs white with black rings. Abdomen grey- whitish. Fore wings 
light bronze-brown, suffusely irrorated with black ; 'markings white ; base 
of wing to about j white with a fine streak of dark fuscous along costa, 
and a small outwardly-oblique spot of dark fuscous about the middle ; 
three short outwardly-oblique white markings on costa in middle the 
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outermost being the smallest, the interspaces densely irrorated with black ; 
three rather obscure lines of white iu outer § ; cilia whitish with distinct 
band of black internally and a .second indistinct one externally ; a small 
triangular spot of white on dorsum at about J ; two rather less distinct 
white spots at Hindwings dark-grey ; cilia grey on costa, grey with 
bronzy reflections on dorsum. 

Distribution. 

Found plentifully on Mount Egmont in the vicinity of North Egmont 
House and Dawson’s Falls (3,000 ft.). Many larvae were found here in 
April of 1917. The pupae may be obtained about the end of December, 
and emerge during January and February. Also found at Dimedin, on 
Flagstaff Sill, chiefly around the margin of the bush. The pupae are to 
be obtained in November ; larvae are plentiful in the early part of the 
month. The first images emerged on the 16th December. 

Food-plant. 

Nothopanax Sinclairii; Nothopanax simplex (haumakoroa), in South 
Island. 

Egg-laying. 

The egg itself has not yet been found, but ttTe following few particulars 
have been gleaned from observations on young mines. The eggs are laid 
singly, rarely more than one or two on any one leaf, upon the upper 
surface, and near but rarely touching the midrib, and generally in the 
lower part of the leaf towards the stem. 

The Mine. 

The mine is a very characteristic one. It is a simple gallery throughout, 
and vermiform in character, the loops being very closely applied to one 
another, never anastomosing or crossing. As a rule the gallery at first 



Figs. 12, 13. — ^Mines of P. panacivermiforma in Nothopanax Sinclairii. 

(Natural size.) 

winds’*’ backwards aiid forwards in slightly increasing distances, closely 
applied to itself, and in a direction more or less parallel to the long axis 
of the leaf ; then with an almost remarkable abruptness it changes its* 
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direction for one almost at right angles to the earlier one, now crossing 
the leaf in curved sweeps from edge to midrib, this latter forming a certain 
obstacle to trespass on the other half of the leaf. The spot where the 
general change of direction takes place no doubt marks the situation where 
the larva underwent its first moult. On reaching the upper region of the 
leaf the mine becomes less vermiform in character and becomes rather tor- 
tuous in its direction, crossing the- midrib in its upper and thinner part, and 
continuing down the other half of the leaf in more or less close proximity to 
the midrib or outer margin. This latter portion of the mine is ctften deeper 
in the leaf than the earlier vermiform part, and consequently is more difficult 
to detect. In this final part the width of the gallery is about ^ in. The 
entire mine is in the upper surface of the leaf, and no trace of it can be seen 
beneath. Colour of mine a paler green than other portions of the leaf, 
but even so the mine is not a very conspicuous object at a little distance. 
The terminal portion of the gallery may be slightly enlarged, and within 
it the cocoon is constructed, a small area of the upper cuticle of the leaf 
at the extreme end of the mine being first prepared to a transparent 
thinness for the exit of the pupa later. The frass is finely granular, pale 
in colour, not very abundant, and occupies a rather broad band in the 
central third of the gallery. 

The South Island type differs from the above. In the earlier part the 
mine is a simple vermiform ‘ gallery very similar to that of P. panax- 
vermijormella both in siae and character ; later, however, instead of 
ending in a somewhat tortuous and widened gallery, it expands into a 



Figs. 14, 16. — ^Mines of P. panacivermiforma (South Island) in leaves of 
Nothf/panax simplex. (Natural size.) 


relatively large blotch, which may occupy the entire leaf in small ones, 
or all or the greater part of one half of the leaf in larger ones. The entire 
mine*is on the upper surface of the leaf, and is pale green in colour, and 
not very conspicuous at a distance The final blotch may occupy about 
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1 square inch ; it is generally more closely applied to the outer margin 
of the leaf, where there is plenty of room. The midrib forms a barrier in 
its basal two-thirds. The blotch is irregular in shape, but all irregularities 
are rounded. Frass is finely granular, black, scanty. Old mines sooii 
become white and conspicuous. \ 

I have not yet been able to study the larva. , 

The Cocoon, 

This is a small oval structure of thin white silk within the terminal 
part of the mine. The roof of cuticle protecting it above is slightly thicker 
than elsewhere in the mine. The position of the cocoon is not a constant 
one, but is generally alongside the midrib or outer margin of the leaf ; 
sometimes, however, it occupies a position between these, lying more or 
less at right angles to their general direction. It is most generally found 
about the middle third of the leaf. Dimensions, 7 mm. by 3 mm. Quite 
frequently the cocoon causes a slight infolding of the leaf in its immediate 
vicinity, but this is not so constant as in some of the other Panax moths ; 
most generally a small hump on the upper surface of the leaf is all that 
reveals its existence. 

In the South Island form the cocoon is constructed in a small narrow 
extension of the terminal part of the blotch, close to the upper cuticle of 
the leaf. It i^ usually near the outer margin of the ^eaf, about jits middle 
or in its upper half. The white silken lining is very thin and frail, and 
causes a slight local puckering of the leaf. The small white window at 
the end of the cocoon is similar to that of P. panacijinens and others. Size, 
6 mm. by 2 mm. 

The Pupa. 

All the essential characteristics are the same as in the other Panax 
moths. The cephalic plate is about as long as wide at its base, and the 
lateral cornua are short and of about half the length of the plate ; the 
labriim is slightly above the lower margin of the eyes ; mandibles promi- 
nent. Prothorax wide laterally against the antenna, but almost obliterated 


16 17 . 

Fig. 1 6 . — Head of pupa of P. panacivermiformaf ventral view. 

Fig. 17. — Lateral view. 

in the mid-dorsal region. Antennae reach to the eighth abdominal segment. 
Regarding the setae, these are the same^ as in P, panacitorsens ; in the 
tenth segment the dorsal setae are replaced by a pair of short pointed 
tubercles ; segment 8 bears all three pairs of setae ; segment 9 bears the 
dorsal pair only. The two caudal appendages are well developed. The 





4S6 


Trani<ution$» 


pupa is very active if disturbed^^twirling its abdomen vigorously ; two 
distinct movements are made, a circular twirling and a side-to-side 
movement. Movement takes place between segments 4-:-5, 6-6, 6-7, also 
very slightly between 2^3, 3-4. Colour at first pure crystal-white, later 
changing to light yellow. Just prior to emergence the wings and frontal 
parts become speckled grey, eyes black, upper half of antennae and legs 
speckled grey, lower half light yellow except for the tips. Headpiece 
and abdominal segn^ents light yellow, except dorsally, where they are darker 
in colour. 


> Chief Measurements of Pupa, 


1 

Measurement at 

Length frean Tip 
of Cephalic Plate. 

Transverse 

Diameter. 

Ventro-dorsal 
Diameter. * 


Mm. 

Mm. 

' }Im. 

Base of eyes 

0-23 

0*62 

0*42 

Bnd of labial palpi 

0*86 

0-69 

0-66 

End of first legs . . . . 

1-65 

0-65 

0-62 

End of maxillae . . 

1*89 

0*02 

0*69 

End of second legs 

2-24 

0*62 

0-69 

End of forewings . . . . . . 

2-52 

0*46 

0-66 

End of third legs . . 

. 3-08 

0-31 

0'31 

End of antennae . . 

3-28 

0-24 

0*21 

Extreme lengtli 

3-45 

1 




In the South Island form the antennae are as long as the body. The 
setal plan is identical with that of P, panacitorsens. Colour at first pearly 



white with a faint tinge of green; later the eyes become black, and the 
appendages mottled grey and white. The abdominal segments 3-6 inclusive 
' become black dorsally, and this pigmentation remains in the cast skin. 
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Ohiif MeasuremerUe of Pupa, 


Measurement at 

length from Tip 
of Cephalic Plaik 

Transverse 

Diameter. 

Ventro-dorsal 

Diameter. 

■ 


Mm. 

Mm.' 

Mm. 

Base of eyes 

0-51 

0-ae 

0-48 

End of labial palpi 

1*21 

0-76 

0*72 

End of first legs . . ... 

2-06 

0*69 

0*69 

End of maxillae . . : . 

2*76 

0-62 

0*69 

End of second legs 

2-83 

0*66 

0*65 

End of forewings .' . . . 

3*17 

0*48 ‘ 

0*62 

End of third legs . . 

3-90 

0-27 

0*27 

End of antennae . , 

4-27 

. * 

, * 

Extreme length 

4*30 


• • 


Dehiscence, 

The pupa pierces the prepared window at the head of the cocoon on the 
upper surface of the leaf. All details as to splitting are identical with 
those of P, panacitorsens, and so need not be repeated. 


(5.) Parectopa panacicorticis n. sp. (The Panax Bark Moth). (Plate XXX, 

fig. 5.) 

The Imago. 

$. 7-8 mm. Head and thorax dark grey irrorated with white ; palpi 
white with apex of second joint and subapical ring of terminal joint black ; 
antennae grey-blackish, whitish towards apex ; abdomen dark grey above, 
white beneath ; legs white with black rings. Forewings dark grey to black, 
densely irrorated with white ; a series of short, outwardly-oblique white 
marks on costa, three before j ; at f, and | a larger wedge-shaped spot 
of white with a smaller one on its outer side ; a narrow line of black 
separates the white apical spot from an indistinct band of white on its 
inner side ; a small conspicuous white triangular area on dorsum at 
a small white spot at f and another at ^ ; cilia white at apex, elsewhere 
grey. Hindwings and cilia dark grey. 

In male the wing-expanse is shorter, about 6 mm. ; the white markings 
are more conspicuous, those on costa at \ and f especially so ; the ventral 
surface of the abdomen is whitish tinged with grey. 

This species approaches P. aethalota Meyr. very closely. I have never 
seen it on the wing, all my specimens being reared from pupae. 

Distribution, 

It is quite common on Mount Egmont at an altitude of 3,000 ft., and 
is plentiful in the vicinity of the Mountain House and down the mountain 
track. I have also found it at Dunedin in the bush behind the Botanical 
Gardens, and more plentifully in the Bush Reserve on Flagstafi Hill. 
Several old mines have been found at Aberfeldy, in the Wanganui district. 
The following dates give some idea as to the time of its appearance, &;c. 
Egmont — 10/1/17, pupae found ; 21/4/17, young larva ; 23/12/17, many 
pupae o|)tained. Dunedin — 20/17/19, a few young larvae found (these 
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pupated about the middle of November) ; 2/12/17, many pupae found 
(these all emerged during January). 

This little moth is attacked a great deal by a hymenppterous parasite 
at present unidentified. 

Food-plant. 

Nothopanax arhoreum (whauwhaupaku). 

Egg-laying. 

The eggs are laid singly on the bark of the young stems of the food- 
plant. There appears to be no especially favoured position, except that it 
has been noticed that the region about the expanded bases of the leaves 
is rarely chosen, some more or less exposed position on the internode 
being utilized. A description of the ovum must wait until fresh unhatched 
ova can be obtained. They should be looked for during the months of 
January and February. 

The Mine. 

The .mine is a simple gallery throughout. At first about 0*5 mm. in 
width, it increases gradually to about 3 mm. The general direction is 
along the young stem in the internodes in its long axis. On reaching 
a node where the large expanded base of the leaf-stalk closely embraces 
the greater part of the stem the mine follows the obstruction a varying 
distance, eventually turning down into the next internode or retracing 
its way back in its old internode, turning again in a similar manner on 
reaching the other extremity. In this way the internodes become more or 
less occupied by long galleries, while at the nodes the mine may enlarge 
and quite envelop the stem. Blind branches are rarely found. The 



Fig. 20. — Mine of P. panacicoriicia in stem of Nothopanax arborenw. 

(Two- thirds natural size.) 

mine may at times become somewhat tortuous, and in places more or less 
expanded owing to several parts intercommunicating. As a general rule 
but one- internode will be occupied by any one mine, though sometimes a 
mine may extend into two. Where two mines are occupying the rather 
small area offered by a single internode, their galleries may intermingle 
indiscriminately without any attempt at mutual -avoidance. Such crowding 
is rarely found. The colour of the mine at first is white, and later 
white or a very pale brown ; it is most conspicuous. The frass is scanty, 
and in the earlier portions of the mine occupies a narrow central line in the 
gallery. Details of the larva are reserved for a future monograph. ' 

The Cocoon. 

This structure is built in the terminal portion of the mine somewhere 
in the intemode, very rarely against the base of the leaf-stalk. It is 
constructed of white silk, but is very thin, almost transparent, and is 
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covered externally by the thin outer cuticle of the stem. It is somewhat 
cylindrical in shape, with rounded ends ; average size about 10 mm. by 
2*5 mm. It forms quite a conspicuous little bulge on the side of the stem, 
its long axis parallel to that of the stem. 

Th/e Pupa. 

Of the head-parts, the cephalic » plate is about twice as long as broad 
at its base ; the lateral cornua are represented by two extremely small 
tubercles, only slightly elevated ; labrum slightly above lower margin of 
the eyes. All the chief characteristics are the same as in P. panadtorsens. 
Individual characteristics in the Panax moths are hard to find. The 
forewings normally extend to the lower border of the fifth abdominal 
segment, while the third legs reach to the lower border of the seventh, 
and the antennae to that of the eighth or ninth. Regarding the seta^, 



Fio, 21. — Head of pupa of P. pandcicorticis, ventral view. 

Fig. 22. — Lateral view. 

these are the same as P. panacitorsens, with the exception that the dorso- 
lateral seta was present in the second segment ; all three pairs were found 
in 8 and 9, and 10 bore a small dorsal pair and a larger dorso-lateral 
seta at the base of each caudal appendage. The lateral ridges are very 
rudimentary. The dorso-lateral setae in ^6 inclusive are directed upwards 
and outwards, that on segment 3 being the longest, and in length about 
equal to two-thirds the width of the body at that point. Colour golden 
brown, darker on dorsum of head and thorax and segments 3-6 inclusive. 


Chief Measurements of Pupa. 


Measiuement at 

Length from Tip 
of Cephalic Plate. 

Transverse 

Diameter. 

Ventro-lateral 

Diameter. 


Mm. 

Mm. 

Mm. 

Base of eyes 

0-76 

0-69 

0*61 

End of labial palpi 

1-41 

0*79 

0*72 

End of first legs . . . . . . 1 

2*24 

0*79 

0*76 

End of maxillae . . 

2*65 

0*76 

0*72 

End of second legs 

2*97 

0*69 

0*72 

End of forewings . ./ 

3*28 

0*66 

0*63 

End of third legs . . 

3-97 

0*38 

0*48 

End of antennae . . . . . . 

4*41 


, , 

Extreme length . . . . . . 

4*89 

i 

•• 
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Dehiscence. f 

Exactly the same as in P. panc^torsem and all the other Panax 
Parectopas. There is here no external evidence of any prepared exit from 
the cocoon, but the pupa always emerges at the uppermost end, and here 
also with its ventral appendages outermost. • 

This moth is a favourite prey to parasites, two species having been 
reared but not yet identified — in fact, quite 90 per cent, of all the Panaa; 
Parectopas are destroyed by these pa!rasitic Hymenoptera. Usually there 
is but a single parasite to each post ; this parasite constructs its small 
cylindrical cocoon ’A^ithin that of its host, and later emerges through a 
circular outlet gnawed in the upper end of the latter structure. 


(6.) Parectopa panacifinens n. sp. (The Panax Marginal and Central 
Moth). (Plate XXX, fig. 6.) 

The Imago. 

9, 10 mm. ; <?, 8 mni. Head whitish with a dorsal streak of fuscous ; 
palpi whitish, with apex of second joint and a well-defined subap^’cal ring 
on terminal joint black ; antennae fuscous. Thorax light fuscous with a 
fairly broad central line of darker fuscous, and on either side a narrow, 
rather obscure dorso-lateral line of dark fuscous. * Abdomen grey-black ; 
legs whitish ringed with black. Forewings brown irrorated with black ; 
markings white, the black irrorations being somewhat denser on their 
margins ; a narrow slightly wavy streak of white along dorsum from near 
base to |, interrupted by a small patch of brown about § (this white streak 
is more pronounced in the male) ; three distinct short outwardly-oblique 
white lines from coSta at J, J,. the outermost one being the narrowest 
and longest, the centre one the most conspicuous and almost square ; a 
narrow outwardly-concave transverse bar of white near apex, broadest 
against the costa ; cilia fuscous with a distinct black line. Hindwings and 
cUia fuscous. 

Distribution. 

Numerous on Mount Egmont at 3,000 ft. Pupae are to be obtained 
during Noveniber and December, the images appearing in January. Also- 
found in the Bush Reserve on Flagstaff Hill, Dunedin, in November, the 
imagos emerging early in December. 

Food-plant. 

Nothopanax arboreum (whauwhaiipaku). 

The Mine. 

The egg is laid on the upper surface of the leaf,, generally near the midrib. 
The mine is a simple gallery, white in colour, on the upper surface of the 
leaf ; increases in width very gradually to about 2 mm. ; its total length is 
about 16in. ; its character is very constant, and altogether it is a most 
conspicuous object. The larva on hatching burrows immediately into the 
leaf, and heads in in more or less of a straight line till the margin or midrib 
of the leaf is encountered, after which this obstacle is closely followed. 
Out of several hundred examined, no cases showed any tendency on the 
part of the newly hatched larva to mine in a spiral, as in the case of 
P. adlornacha. Its course invariably takes it close around the greater 
portion or entire margin of the leaf, closely following the digitations and 
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any incursions made by other insects, and also along one or both of the 
sides of the midrjb, this forming a barrier only in its basal three-quarters. 
The gallery then follows a more or less tortuous course within these 
boundaries ; if the leaf be large it will rarely ^cross earlier parts of its oy^ 
track, and will wander in a vermiform manner along one half of the leaf, 
generally that half opposite the one on which the egg was laid ; in smaller 
leaves almost the entire upper surface will be mined in a very compli- 
cated manner, but there is never any tendency to blotch formation as in 
P, fanacitorsens. Loops may be thrown out from the straight central 
portion of the gallery against the midrib, but never blind branches : this 
is characteristic. The way in which the gallery closely follows the margin 
of the lea:^ nearly all the way round was very characteristic of the Egmont 



Figs. 23, 24, 26. — Typical mines of P. panacifinens in leaves of Nothopanax 
arboreum, (Two-thirds natural size.) 


mines, but was not so constant in the Dunedin ones. Perhaps the chief 
characteristic of the mine is the absence of blind branches. Frass is almost 
negligible, black, very finely granular, and is irregularly distributed. As 
a rule it is deposited at the margins of the mine, alternately on either side 
in the early parts, but later is arranged in close curved lines, convex 
forwards, transversely across the gallery. In the final stages it tends to 
become somewhat fluid in character. 

The Cocoon. 

♦ ^ ^ ■ 

The cocoon is constructed in the slightly expanded terminal part of the 

mine, somewhat deeper in the leaf than the rest of the gallery. Its position 
may be alongside the midrib, the outer margin, or one of the coarser veins 
of the leaf. The small cylindrical structure of white silk pulls in the cuticle 
of the leaf in its vicinity and causes the leaf here to become slightly 
elevated, puckered, and infolded i affording it greater protection. A small, 
thin, almost transparent white window is constructed in the upper surface 
of the leaf at the end of the cocoon by the larva just prior to pupation. 
Size, about *8 mm. by 3 mm. 


m 


Transactio^i, 


The Pupa , 

The pupa differs hardly at all from the other Panax moths, 
cephalic plate is rather short, 
and about as long as wide at 
its base ; the lateral dbrnua are 
well developed, and are about 
equal in length to that of the 
plate ; in some of the Dunedin 
specimens, however, they were 
not free, but soldered down to 
the headpiece around the front 
of the base of the cephalic plate. 

There is a strongly marked mid- 
dorsal ridge on vertex, meso- 
and meta-thorax, and extending 
slightly on to the first abdo- 
minal segment. The prothorax 
is narrow. Antennae variable 
in length, sometimes slightly 

longer than the body. Setae exactly as in P. panacivermiforma. 




Fia. 27.- 


-Head of pupa of P. panacifinena, 
ventral view. 

Lateral view. 


Chief Measurements of Pupa. 


Measurement at 

Length from Tip 
of Cephalic Plate. 

Transverse 

Diameter. 

Ventro-dorsal 

Diameter. 


Mm. 

Mm. 

Mm. 

Base of eyes 

0*72 

0-79 

0-55 

End of labial palpi 

1*51 

0-96 

0'90 

End of first legs . . 

2*68 

0-90 

0*86 

End of maxillae . . . . ' 

2-86 ' 

0-86 

0-86 

End of second legs 

3-51 

0-72 

0-86 

End of forewings . . 

3*90 

0-69 

0*83 

End of third legs . . 

4*89 

0-48 

0*61 

End of antennae .. 

5*45 

. . 

, , 

Extreme length . . 

6-65 

• ’ 

• • 


Dehisceme. 

Exactly as in P. panacivermiforma. 


(1,) Parectopa aellomacha Meyr. (The Panax Branching Moth). 

(Plate XXX, fig. 8.) 

Gracilaria ddlomacha Meyr., Trans, N.Z. InU,, vol. 21, p. 184, 1889. 

Parectopa aellomacha Meyr., Trains, N,Z. InsL, vol. 47, p. 228, 1915. 

Meyrick^s Original Description, 

<J $. 7-9 mm. Head and palpi snow-white, palpi with apex of second 
joint and a subapical ring of terminal joint black. Thorax snow-white, 
with a small black spot on shoulder. Forewings snow-white ; markings 
fuscous, irrorated with dark fuscous ; a cloudy central longitudinal streak 
irom near base to disc above anal angle, more or less obsolete towards 
Jbase, connecting obscurely with about seven oblique costal and about four 
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oblique dorsal streaks (these vary somewhat) ; costal streaks usually alter* 
iktely slender and thick ; a fuscous apical spot : cilia grey, round apex 
white, with two dark fuscous lines and a black apical hook. Hindwings 
fu^cous-grey, cilia paler.’* 

Distribution . 

I have so far foimd this species only on Mount Bgmont, about 3,000“ 
4,0Q0 ft., where it is quite plentiful. Pupae were obtained during December 
and January, emerging in February. Young larvae were found in April 
of 1917. Meyrick records it from “Wellington and Christchurch, in 
September, January, and February ; four specimens, 

Food-flarU. 

NotJiopanax arboreum (whauwhaupaku). 

The Mine. 

The mine is a most characteristic one. It is rare to find more than one 
mine in a leaf. The egg is invariably laid upon the upper surface near 
the midrib, and generally in the basal portion of the leaf. The larva on 
hatching at once mines into the leaf through the shell of the egg, and as a 
general rule takes several spiral turns before mining in any definite direc- 
tion. This spiral nature of the earliest portion of the mine is characteristic. 
The mine throughout is a very gradually widening gallery, never becoming 
blotched, and rarely do portions cross each other except in the smaller 
leaves. The final width is about 2 mm. Its direction invariably takes it 



Fias. 28, 29. — Mines of P. adlomacha in leaves of Nothopanax arboreum. 
(Two-thirds natural size. ) 


along both sides of the midrib, this obstacle being crossed in its upper and 
thinner part ; from these long straight portions a varying number of blind 
arms or branches of varying lengths, mostly straight but sometimes slighjbly 
curved, sprout out into the leaf. As a rule the greater number will be 
confined to one hiflf of the leaf. These blind branches sometimes follow 
the course of the veins of the leaf, but most often do not, generally treating 
these as no obstacle ; they do not often reach as far as the outer margin of 
the leaf, but may do so, and miiy follow it a short distance ; the result is, 
however, always the same — a single blind-ended branch, never loops as in the 
case of P. panacifinens ; and rarely is any of the margin of the leaf so mined. 
The branches are all more or less parallel to one another, and rarely 
cross ; they are all more or less equal in width, about 2 mm. The mine 
is found only in the younger leaves, and is pale green in colour, the tips of 
the branches often being white, showing where' the larva came close against 
the upper cuticle. No evidence of the mine is to be found on the underside 
of the leaf, and in its natural state the mine is not a very conspicuous 
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object, though so very striding when seen in picked leaves. Old mines/ 
become white, but otherwise do not discolour the leaf ; they are cony 
sequently far more conspicuous objects than the fresh ones. The mine is 
slightly deeper in the leaf than that of P. panacifinens. The total length 
of the mine may reach to 12 in. or 16 in. Frass is very finely granula:^ ; 

TAe Cocoon, 

The cocoon is a somewhat cylindrical structure of thin white silk, with 
all the characteristics of P. panadjinens. It is within the mine in the 
upper part of the leaf, and is protected by a somewhat thicker covering 
than the rest of the mine. It is slightly elevated, and as a rule causes a 
local pinching of the leaf. It is invariably found alongside the midrib in 
the basal thi:iS of the leaf. Size, 7 mm. by 2 mm. Its small white window 
is quite conspicuous at the head end of the structure ; it is fan-shaped, with 
its broadest part upon the surface of the leaf. Old cocoons soon become 

discoloured brown. ^ 

The Pupa, 

The pupa of this moth is practically identical with that of P. panaci- 
Jinens ; on the average it may be slightly smaller ; its lateral cornua 
are relatively more developed, and are about one-half the length of the 
cephalic plate. The arrangement of the setae is the same in both, but in 
aeUomacha the dorsal setae are short and fine, the dorso-lateral ones rather 
stout and long. The following measurements were taken from a typical 
specimen : — 

Chief Measurements of Pupa. 


Measurement at 

Length from Tip 
of Cephalic Plate. 

Transverse 

Diameter. 

Ventro-dorsal 

Diameter. 


Mm. 

Mm. 

Mm. 

Base of eyes 

0*69 

0*76 

0*63 

End of labial palpi 

1-44 

0*86 

0*79 

End of first legs . . 

2*76 

0-79 

0*76 

End of maxillae . . 

303 

0*69 

0*76 

End of second legs 

3-28 

0*63 

0*69 

End of forewings . . 

3-65 

0-51 

0-60 

End of third legs . . 

4-56 

0*38 

0-35 

End of antennae . . 

603 



Extreme length 

6*69 



Dehiscence. 


This takes place on the upper surface of the leaf, and is identical with 
that of P. panacijinens, 

(8.) Parectopa panacivagans n. sp. (The Lancewood Parectopa). 

(Plate XXX, fig. 10.) 

The Imago, 

8 mm. Head white at the sidesj black above and against thorax ; palpi 
white with two black rings ; antennae black suffused with white below 
and towards base. Thorax white, black against the head, and caudally 
a small black V-shaped mark ; legs white with black rings. Abdomen 
blackish grey. Fore wings black, slightly irrorated with white ; markings 
white ; from base to i white with a small central spot of black ; a short 
narrow outwardly-oblique line of white on costa at J, another slightly 
larger and triangular spot a little beyond | reaching half across wing ; k 
short narrow oblique line of white at f ; an indistinct inwardly-curved 




transverse line of white near apex ; a small white apical spot ; a broad 
,outwardly-oblique line of white on dorsum at and a small white spot 
at j ; cilia grey-black. Hindwings dark grey ; * cilia grey-black. 

IHstrihution. ^ 

This appears to be a rather rare moth. It was found first at Aberfeldy, 
in the Wanganui district, in 1917. The larvae are to be found in December, 
the pupae in January, and the imagos emerge in February. Old mines 
were found , in Dunedin in May and July. 


Food-plant, 

Found mining in the long tough leaves of the young lancewood, Fseudo- 
panax crassifolium (horoeka), but more commonly in the young succulent 
leaves of the mature tree. ^ 

Egg-laying. 

The egg is laid singly on the upper surface of the leaf, generally close 
to the midrib. 

The Mine. ‘ 

The mine throughout is a simple gallery, more or less straight in its 
direction. It is made entirely in the upper surface of the leaf, and there 
is no trace of it to be seen below. The mine starts in a more* or less 
obliqUe direction till it reaches the midrib or margin of the leaf ; this it 
follows till it reaches the end of the leaf, and it then either turns back 
alongside its former track or continues back along the barrier on the other 
half of the leaf. It never crosses the midrib except in its upper part. 
On the margin of the leaf the mine closely follows all the irregulari- 
ties of outline, and extends into the bases of the serrations of the leaf. 
Portions of the earlier mine may be enveloped by the later broader 



Fio. 30. — Mine of P. panadvagana in the lancewood -leaf. (Two-thirds natural size.) 

gallery. The average length may be about 10 in. ; commencing with a 
width of 0*5 mm., the terminal part of the gallery measures about 4 mm. 
across. Colour light green in fresh mines. There is no tendency to branch. 
Margins of the mine fairly regular and white. Mines are not very con- 
spicuous at a short distance. Frass is almost fluid in nature, and occupies 
a fairly broad brown band in the centre of the early gallery, but in the 
wider part is dark green or black, and often forms an unbroken line on one 
side of the gallery ; it is sometimes deposited in short curved transverse 
lines with the concavity directed forwards. It appears to be deposited 
chiefly on the upper cuticle of the leaf. 

The Ijarva. 

Flattened, moniliform ; colour yellowish with broad green dorsal stripe. 
About 6 mm. in length. A detailed description is kept for a future paper 
on the Parectopa lan’^ae. 


ifra^sactionM, 

The Cocoon. % 

The cocoon is constructed within the terminal part of the mine, either i 
close alongside the midrib or* on the outer margin of the leaf. It is slightly 
deeper in the substance of the leaf tlian the rest of th» mine. It i^ 

V cylindrical in shape and slightly curved. The scanty silken lining causes 
a local pinching and puckering of the leaf, and raises the cuticle above the 
surface of the leaf. It bears a small white almost transparent window 
at one end, prepared for the pupal emergence. Its position is generally in 
the basal half of the leaf. Size, 12 mm. by 3 mm. 


The Pupa. 

Closely resembles the pupa of the Panax moths in all particulars. The 
cephalic plate is moderate in length, but fairly massive ; the lateral 



Fig. 31. — Pupa of P. panacivagans, ventral view. 
Fig. 32. — Dorsal view. 

Fig. 33. — Lateral view. 


cornua are about equal in length to the plate. Prothorax* broad against 
the antennae, but is lost in the mid-dorsal region. Setae exactly as in 
P. panacitorsens ; the lateral setae are relatively long. 


Chief Meaaurements of Pupa. 


Measurement at 

- 

Length from Tfp 
of Cephalic Plate. 

Transverse 

Diameter. 

Ventro-dorsal 

Diameter. 


Mm. 

Mm. 

Mm. 

Base of eyes 

0-53 

0-70 

0-63 

End of labial palpi 

1-29 

0-82 

0-76 

End of first legs . . 

212 

0-76 

0-76 

End of maxillae . . 

2-65 

0-70 

0-76 

End of ‘second legs 

1 2*82 

0-70 

0*76 

End of forewings . . 

1 318 

0*65 

0*63 

End of third legs . . 

' 3-88 

0-41 

0*35 

End of antennae . . 

1 4*65 

, . 


Extreme length . . . . . . : 

4-65 




Dehiscence. 

This takes place oh ^e upper surface of the leaf and is identical in all 
respects with that of the Panax moths. 
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PBOCEEDINGS 

OF THE 

NEW ZEALAND INSTITUTE, 


MINUTES OF THE ANNUAL MEETING OF THE 
BOARD OF GOVERNORS. 

Wellington, 30th January, 1920. . 

The annual meeting of the Board of Governors was held in the Dominion 
Museum Library on Friday, the 30th January, 1920, at 10 a.m. 

Present : Dr. L. Cockayne, President (in the chair) ; Mr. B. C. Aston, 
Professor Charles Chilton, Professor T. H. Easterfield, Mr. C. A. Ewen, 
Dr. F. W. Hilgendor^ Mr. H. Hill, Professor H. B. Kirk, Professor 
J. Malcolm, Dr. P. Marshall, Professor H. W. Segar, Professor A. P. W. 
Thomas, Hon. G. M. Thomson, Dr. J. Allan Thomson, and Mr. A. M. Wright. 

Mr. jPark attezufed as delegate from the Manawatu Philosophical Society, 
and apologized for the unavoidable absence through illness of Mr. M. A. 
Eliott. ' 

The Hon. Secretary called the roll. 

Apology for non-attendance was received from the Hon. Sir F. H. D 
Bell, Minister of Internal Affairs. 

The President welcomed the new members of the Board of Governors — * 
Mr. A. M. Wright and Professor J. Malcolm. He also stated that the 
Board was glad to receive Mr. Park (with power to address the meeting, 
but not to vote) as delegate from the Manawatu Society, especially as the 
important matter of the 1921 Science Congress at Palmerston North was 
to be considered. 

Presidential Address, — Dr. L. Cockayne then delivered his presidential 
address (see page xxv). 

On the motion of Professor Easterfield, it was resolved, That the 
President be thanked for his address, and be asked to allow it to be 
published in the Transactions, 

Incorporated Societies^ Reports and Balance-sheets were received and laid 
on the table. No reports were received from the Wanganui Philosophical 
Society or from the Poverty Bay Institute. 

Standing Committee’s Report. — The annual report of the Standing Com- 
mittee was read, and adopted with a slight amendment. 

Report of the Standing Committee for Year ending 31st Dsoember, 1919. 

Meetings, — ^Ten meetings of the Standing Committee were held during the year, 
the attend^ce being as follows : Dr. Cockayne (President), 4 ; Professor Kirk, 9 ; 
Professor Easterfield, 8 ; Hon. G. M. Thomson, 2 ; Professor Segar, 1 ; Professor 
A. P. W. Thomas, 1 ; Mr. C. A. Ewen, 4 ; Dr. J. Allan Thomson, 7 ; Mr. Birks, 3 ; 
M^. Parr, 4 ; and Mr. Aston, 10. 



Proceedings, 


Hector Memorial Award, — llie 1919 medal and prize, which was awarded to Dr. 
W. Robertson, was handed to the Department of Internal Affairs on the 25th March, 
1919, for remitting to the High Commissioner’s Office for presentation to Dr. Robertson. 
A cable was published in the daily papers of the JL2th December, 1919, announcing 
that the High Commissioner, Sir Thomas Mackenzie, had publicly presented the mediu 
to Dr. Robertson in London. 

War Roll of ^Honour, — This has been brought up to date, and will be sent to the 
Hon. Editor for publication in volume 52 of the Transactions of the New Zealand Institute, 

• Transactions of the New Zealand Institute, volume 61, was issued to the societies 
in bulk in SeptemW, 1919. The Proceedings of the annual meeting in January, 1919, 
were published in pamphlet form, and distributed to societies on the 26th March, 1919, 
as well SI'S being printed in the Transactions, 

Publications, — ^The following have been placed on the mailing list by the Standing 
Committee, and will in future receive the Transactions as published : — 

Museo Civico Storia Naturale di Gtenova. 

Anales del Museo Nacional de B. Aires. 

Adviser of Fisheries, Norway, Fiskeridirektren, Postboks, 226, Bergen. 

Commonwealth Institute of Science and Industry. 

International Institute of Agriculture, Department of Agriculture, Canada. 

Turnbull Library, Wellington, N.Z. 

American Ch^nical Society, Ohio State University, Columbus, Ohio, U.S.A. 

Resolutions of the Standing Committee not othenvise mentioned in this report are — 
, It was resolved to present a bound copy of Maori Art to Mr. Evan Parry, to mark 
the New Zealand Institute’s appreciation of his work in New Zealand. 

It was resolved to publish the minutes of the annual meeting as soon as possible, 
and that the Publication Committee be instructed accordingly. 

It was resolved to grant power to the Hon. Librarian to formulate certain rules 
to be observed by those using the Institute library, and issue certain circulars regarding 
library matters. ^ 

It was resolved. That the members of the Standing Commit* of the Now Zealand 
Institute desire to express their sympathy with Mrs. Broun and her daughters in the 
great loss which they have sustained by the death of Major Broun. 

It was resolved. That Professor Easterfield, Dr. Thomson, Mr. Ewen, and the Hon. 
Secretary be a committee to formulate resolutions of 4;he New Zeal^d Institute which 
have the force of regulations, in order that, where advisable, they might be gazetted. 

Financial Position of the Institute, — A deputation from the Standing Committee 
waited upon the Hon. the Minister of Internal Affairs, Major Hine, in September, with 
reference to the financial position of the Institute and the necessity for an inci^ased 
grant for general expenses. As a result the sum of £500 was placed on the supplementary 
estimates for the year’s expenses, and a promise was given that the question of making 
a permanent increase to the Institute’s statutory grant of £500 -per annum would be 
favourably considered. 

It is desirable that some more simple method of dealing with interest which 
accrues at the Savings-bank from time to time shall be devised. If some resolution 
were passed to the effect that all interest earned at the Savings-bank would be credited 
to some definite purpose it would simplify book-keeping considerably. • The suggestion 
is made that all such interest should credited to the Endowment Fund. 

A sum of £250 voted by the Department of Internal Affairs for binding the books 
of the Institute library was paid into the Institute’s account on the 28th March, 1919. 

National Efficiency Board^s Report : Census of Industries. (This was a report to the 
Government, which included the New Zealand Institute’s Scientific and Industrial 
Research Committee’s re^rt: see pp. 326-27, vol. 50.) It was resolved at a meeting of 
the Standmg Committee held on the 17th January, 1919, to remind the Hon. the Minister 
of Internal Affairs (Hon. G. W. Russell) of his promise to communipate further on the 
making of a census of industries. At a meeting of the Standing Committee on the 11th 
March, 1919, Dr. J. Allan Hiomson reported that Professor Easterfield and he had 
interviewed the Hon. the Minister (Hon. G. W. Russell) with reference to compiling a 
census of industries; The Minister considered it was a matter more for the Science 
and Art Board. 

The Science and Art Board had considered the matter, and passed the following 
resolutions : — 

**{!,) That this meeting urges upon the Government that the time has come when 
the estal^hment of a Boi^ to superintend and organize scientific research and the 
advancement of industrial efficiency should no longer be delayed. 
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**(2.) That the scheme adopted the Efficiency Board, being ibe w^-oon^dered 
opinion of the scientific bodies of New Zealand, has ibe foremost claim on the atiention 
of the Government. 

“ (3.) Pending' the establishment of such a Board, that a joint committee of the 
New ^aland Institute and the Science and Art Board be authorized to und^take a 
preliminary investigation into the following matters : (a) Industrial problems requiring 
scientific research ; (6) facilities for^ research in New Zealand laboratories ; (c) the 
number and status of scientific men available for research ; (d) register of research work 
in progress ; (e) existing facilities for the training of research students ; (/) existing 
fac^ties for technical education in the training of artisans; (g) existing facilities to 
the training of agricultural students ; (h) that the sum of £250 be granted to th# above 
committee for secretarial assistance.’* 

On the 3rd April, 1919, a letter^ dated 14th March, 1919, was received from the 
Hon. the Minister of Internal Affairs (Hon. G. W. Russell), informing the Institute that 
the Government could not at present see its way to adopt the report of the National 
Efficiency Board, but has given instructions for the compilation of an annual census 
of industries for the future. 

The President (Dr. Cockayne), Professor Eaaterfield, and Dr. J. Allan Thomson 
gave evidence before the Parliamentary Committee on Industries, and reported that 
the Committee was distinctly favourable to the proposals of the Institute’s Scientffic 
and Industrial Research Committee forwarded to the Government through the National 
Efficiency Board. 

Annual Reports and Balance-sheets. — The annual reports and balance-sheets of the 
following incorporated societies had been receiveii, and were laid on the table : — 

Wellington Philosophical Society, up to 30th September, 1919. 

Auckland Ins^tute, up to 20th February, 1919. 

Philosophical Institute of Canterbury, up to 3l8t October, 1919. 

Otago Institute, up to 30th November, 1919. 

Manawatu Philosophical Society, up to 31 st October, 1919. 

Nelson Institute, up to 3l8t December, 1918. 

Hawke’s Bay Philosophical Institute, up to Slat December, 1918. 

No reports had been received from the Poverty Bay and Wangaqui societies. 

Clerical Work of the Institute. — It will be necessary to appoint a permanent ]^d 
official to assist the honorary officers of the Institute. The administration of the vote 
for research grants has thrown much additional work on the Hon. Secretary and Hon. 
Treasurer. The present practice of burdening the honorary officers with a mass of 
routine work, which a junior office assistant could well do, is very irksome, and will 
result in losing the services of experienced honorary officers. What is suggested is 
that a paid official shall be appointed to — 

(a.) Act as Assistant Secretary, Assistant Treasurer, Assistant Editor, and Assistant 
Librarian. 

(6.) Compile indexes of the Transactions from year to year, and compile a decen- 
nial index for publication of the 4l8t to the 50th volume. 

(c.) Compile catalogue cards for the International Catalogue of Scientific Literature. 

{d.) Do such other clerical work for the Institute as is from time to time necessary. 

Fellowship. — The regulations passed at the last annual meeting have been duly 
gazetted, and the election of the original Fellows has been held, Mr. C. A. Ewen, the 
Honoraiy Treasurer, acting as returning officer. It was found impossible to arrange 
for the election of four ordinary members at the annual meeting in January, as by the 
time the election of the Original Fellows had been completed Regulation 7 (c) — which 
provides that six months’ notice of the names of nominees should be given to the 
Fellows selecting — could not be complied with. It was decided that the institution of 
the Fellowship of the New Zealand Institute should be explained to the scientific world 
by articles to be written for Nature and Science. 

Kapiti Island. — A deputation from the Standing Committee —Dr. Cockayne (Pre- 
sident), Professor Kirk, Dr. Cotton, Dr. J. Allan Thomson, and Mr. Aston— waited on 
the Hon. the Minister of Lands (Hon. D. H Guthrie) with regard to Kapiti Island in 
particular, and in general asking for recognition of the Institute as an advisory body 
to the Government on all matters dealing with sanctuaries. The following is a precis 
of the shorthand notes of the Minister's Private Secretary : — 

“ Deputation to the Hon. D. H. Guthrie, Minister of Lands, Wellington. — ^9th July« 
1919. — Introduced by Mr. W. H. Field, M.P. 

Professor Kirk stated that he would like to 'see the sheep difficulty dealt with. 
Although the Government had done a large amount of good work on Kapiti Island, 
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;^;^a8 being nullified by the effects df the* sheep. One course, was to clear out the sheep 
ji^lkltogether and extinguish the Native titles^ and another would be to stock only that 
> of the island which has been cleared. The general request which the Institute 
;.;iii^ed to make was that it should be recognized by the Government in all matters 
dealing with sanctuaries. 

** The Hon. Mr. Guthrie said that, so far as his Depaiiment was concerned, the 
assistance of the Institute would have the fullest consideration. Apparently it was 
feared that the sheep would interfere with the native fauna. If at any time it were 
decided to use the whole of the island as a sanctuary, it would be easy to remove the 
sheep. He thought, however, that the matter was. more in the province of the Hon 
the Minister of Internal Affairs. 

' ** Dr. Allan Thomson pointed out that the only legislation dealing with the matter 

was embodied in th^ Scenery Preservation Act, wUch was administered by the Lands 
Department. The bird -life of the Dominion had been suffering through divided control, 

as a result of a conference held a few years ago, Mr. Phillips Turner and himself 
were Appointed to act as a committee to advise their separate Departments. 

** Professor Kirk asked if the Minister would agree to appoint a representative of 
the Institute to the committee with Dr. Thomson and Mr. Turner. 

** Hon. Mr. Guthrie said that he would have to consult the Minister of Internal 
Affairs. He thanked the deputation for coming to see him on the matter, and added 
that if at any time the Institute should desire to mako definite recommendations on 
any points connected with the sanctuaries he would be pleased to receive them.** 

The Hon. the Minister of I.<and6 (Mr. Guthrie), under date of 23rd December, 1919, 
has written asking the Institute to nominate a representative to act on the committee 
which he proposes to set up to advise the Government on Kapiti Island. 

s Donaiion of Partial Set of “ Trariaactiona ,^^ — In addition to those institutions to 
which the Standing Committee has donated sets of Transactions, a partial set has this 
year been donated to the Tauranga High School. 

Resolutions of the Institute , — ^Recognizing the desirability of arranging and publish- 
hig the regulations and resolutions of the Institute in such a manner that they can be 
referred to easily, the Standing Committee has appointed a sub-committee to deal with 
the matter. It is desirable that the regulations should be brought up to date, and any 
resolutions which have the force of reg^ations should be gazetted. It will be necessary 
to amend the research -grant regulations to accord with the conditions laid down by the 
Hon. the Minister on page 536, volume 49. The amendments to the regulations passed 
in recent years should be incorporated in the general regulations and reprinted in 
volume 52. 

# ' 

The Library is still in an unsatisfactory state, and the Hon. Librarian has been 
•authorized to formulate and enforce certain rules to be followed by those using the 
library. 

Catatogite of Fishes , — ^A matter which has been before the Institute year after year 
is the compilation of a catalogue of the fishes of New Zealand. The Government has 
now requested the Institute to submit an estimate of the cost, and the Standing Com- 
mittee has appointed the Hon. G. M. Thomson and Dr. J. Allan Thomson a sub-committee 
to compile the estimate. 

' Protection of the Fauna , — With regard to the protection of native birds, it was 
resolved to ask the Hon. the Minister of Internal Affairs for an opportunity of seeing 
the proposals of the Government, with a view to rendering the fullest assistance in the 
matter before the proposals are laid before Parliament. The Department of Internal 
Affairs, in reply (11th March, 1919), promised to submit a coffy of the Animals Protection 
Bill to the New Zealand Institute for any remarks that the Board ihight wish to make. 
The resolutions passed at the last annual meeting regarding the fauna of Macquarie 
Island have been sent to the Royal Society of Tasmania and to the Preilnier of that State. 

The New Zealand Institute has now received a letter, dated 29th November, 1919, 
£rdm the Secretary of the Royal Society of Tasmania, stating that at a recent con- 
feree in Brisbane a resolution was passed asking the Government to declare tl^e 
iidsJid a sanctuary. The letter also stated that there* was now a movement afoot to 
obtain a renewal of Mr. Hatch*B leise, which had been cancelled by the Tasmanian 
Government. It was suggested that New Zealand societies might write to the Premier 
t)f Tasmania supporting the proposal for a sanctuary at Macquarie Island. 

The incorporated societies of the New Zealand Institute have been circularized 
with regard to the Tasmanian society’s request, in order that they may contribute 
mpport to the movement. 
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IrUemalional Beaearch CounciL — ^It'wae resolved to expend up to £25 in j^yment 
of the expraises of a delegate from England to a meeting of the above in b^ussels^ 
Dr. Dendy was ohosen by the Stcmding (^mmittee to represent the New Zealand Institute 
at the meeting, and his report has recently been received. He stated that tl^ Confer- 
ence was most interesting, and that, although no question arose of special interei^ to 
New Zealand, he hoped that the Dominion might benefit by the organization of soientifiit > 
research which the Conference was endeavouring to establish. ^ 

Besolutuma passed at the Canterbury Philosophical Institute's Science Congress, h^' 
in February last, were received from the Hon. Secretary, Canterbury Philosc^hieibi 
Institute. The Hon. Secretary, New Zealand Institute, was authorized to remit thens 
to the Departmraits concerned. The following is a synopsis of the replies : — 

(1.) ^e Hon. the Minister of Agriculture stated that he was largely in agreement 
with the resolutions. A Pure Seeds Bill had already been drafted, and 'the preparation 
of legislation to provide for the purity and standardization of spraying-compoonds was 
under way. The importance of the soil survey was also recogniz^ iffitherto the 
difficulty had been one of staff ; but it was hoped to arrange this in the near future. 

(2.) The Horn the Minister of Mines replied that an endeavour was being made 
to /secure the services of a suitable officer for the position of Palaeontologist to the 
Geological Survey. 

(3.) The Hon. the Minister of Marme stated that the investigation into climatio 
winds would be considered as soon as Mr. Bates returned to the Dominion. 

(4.) The Hon. the Minister of Internal Affairs replied (q) that the provision of a 
Milne-Shaw seismograph had been approved, and that an older for its purchase was 
being forwarded to the High Commissioner ; (6) that the establishment of an herbarium 
would receive careful consideration when the necessary accommodation was available. 

Collection of New Zealand Coleoptera. — The Standing Committee have approved of 
certain steps which the Director of the Dominion Museum proposed to take with the 
object of having a collection of New Zealand Coleoptera retained in the Dominion. 

Lord Jellicoe's Visit — The President (Dr. Cockayne) and Professor Easterfield 
waited on Admiral Jellicoe on H.M.I^. “New Zealand*’ as a deputation from the 
New Zealand Institute to tender any information regarding the best body in New 
Zealand qualified to give scientific advice. The Admiral thanked the members of the 
deputation for their attendance and advice. 

The following is the portion of Lord Jelliooe’s report to the New Zealand Governor- 
General which deals with the organization of scientific research in the Navy : — 

“ It is very necessary that the fullest use should be made by naval officers of the 
advances of science. . . . It is recommended that the Admiralty should be asked 

to keep the New Zealand Naval Board advised as to the progress made by the Scientific 
Research and Experiment Department. It is also recommended that an organization 
on similar lines should be provided in New Zealand when practicable. 

“ From the existing New’ Zealand Institute, which has technological sections, and 
which can undertake investigation in general physical and chemical problems, a nuoileus 
of a Naval Scientific and Research Department could be formed. 

“ A number of the best scientists should be selected to form the Department under 
the Presidency of the C.N.S., New Zealand Naval Board. A scientist of wide experience 
should be appointed as Vice-President. 

“ In the first instance the work of the scientists of the proposed Scientific Research 
and Experiment Department . . . might be carried out at Victoria Universit? 

College, Wellington.” 

Publication of Congress Papers, — The publication of the proceedings, papers, and 
addresses which constituted the first Science Congress held under the auspices of the 
New Zealand Institute was arranged as follows : — 

(1.) The Christchurch daily papers, in the first place, gave very full, prominent, and 
accurate reports of the work of the Congress day by day. 

(2.) Later, the Journal of Science and Technology devoted two special numbers, 
issued together (No. 4 and No. 5 of volume 2, iraued July, 1919), to the publication of 
those features of the Congress which were suitable for publication in the Journal and 
which were not reserved for publication in the Transactions of the New Zealand InsU^ 
lute. This is really the best official record of the work of the Congress, being a < 
connected narrative of the proceedings, th^ title of every paper being given and (where ' 
not required for the Transactions) some account of each paper. A number of the’ 
-shorter papers were printed in full ; and, in addition, photon of some of the chief 
dignitaries of the Congress. ^ ; 
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V (3.) Finally, volume 61 of the Transactiona of the New Zealand Tn^^tfu^e, published in 
September, 1919, has proved a fitting medium for publishing several papers by well- 
Icnown authorities who desired that course. 

It is satisfactory to know that the Hon. G. W. Russell, the late Minister of Internal 
Affairs, has expressed to the President (Dr. Cockayne) his great appreciation of the 
maimer in which the proceedings of the Science Con|press have I^n printed and 
published. ^ 

Interest on Savings-hanjc Deposits. — On tbe motion of Mr. C. A. Ewen, 
seconded hy the Hon. G. M. Thomson, it was resolved, That the accrued 
interest from deposits in the Savings-bank be allotted to the N.Z. Institute 
Endowment Fund from time to time. 

Hon. Treasurer's Reports. — The Hon. Treasurer moved, and Dr. Allan 
Thomson seconded, That the Hon. Treasurer’s reports — (1) Statement of 
Receipts and Expenditure for Year ending 31st December, 1919, (2) State- 
ment of Liabilities and Assets as at 31st December, 1919, (3) Statement 
of Research Grant Fund for Year ending 31st December, 1919, all ,duly 
audited by the Auditor-General — be adopted. Carried. 

New Zealand Institute. — Statement 6f Receipts and Expenditure fob the 
Year ending 31st December, 1919. 

Receipts. 

Balance at Slat December, 

1918 . . 

Savings-bank interest to 
Slst December, 1919 
jk)vemment statutory grant 
Gk)vemment. special grant 
for binding 

jfovemment extra grant for 
1919-20 

E^iblications sold 
Affiliated societies* levy^ 

1919 . . 

jlovemment grants for re- 
search work . . 

Etefund by Canterbury 
Philosophical Institute, 
part grant made 6th 
March, 1917 .. 

^fund from Public Trustee 
— Customs duty on Hec- 
tor Memorial Medals 


£ 

s. 

d. 

1 Expenditure. 

£ 

8 . 

d. 




Government Printer — 




372 

16 

4 

Printing vol. 50, £547 ; 







and papers, £19 Os. . . 

566 

6 

0 

14 

6 

8 

Printing vol. 51, £730 ; 




500 

0 

0 

and papers, £61 lls. 6d. 

791 

11 

6 




Gavemors’ travelling - ex- 




250 

6 

0 

penses 

32 

0 

2 




Lawson, Sydney — Prints far 




500 

0 

0 i 

vol. 51 

12 

15 

0 

67 

12 

3 

Secretary’s expenses- — post- 







age, stationery, and 




131 

12 

0 

clerical work . . 

34 

5 

3 




Fire-insurance i)remiiim8 on 




1,790 

0 

0 

library 

5 

0 

0 




Legal expenses . . 

5 

5 

0 




Bank charge, Ss. and 5s. . . 

0 

10 

0 




Transactions purchased 

3 

0 

0 

60 

0 

0 

Expenses Professor Kirk to 







Kapiti Island . . 

5 

1 

0 




Research grants, as per list 

415 

7 

0 

2 

18 

4- 




— 





1,871 

0 

11 




By balance, as under. . 

1,818 

4 

8 

£3,689 

5 

7 


£3,689 

6 

7 


Balance in-— 

Bank of New Zealand . . 
Post Office Savings-bank * 


Made up as follows : — 

Endowment Fund 

Balance Government grants for research . 
Institute*8 general purposes balance 
Accrued interest. Post Office Savings-bank 


£ 

8 . 

d. 

762 

0 

0 

1,Q66 

4 

8 

£1,818 

4 

8 

£ 

8 . 

T 

4 

18 

1 

1,609 13 

0 

252 

7 

0 

61 


7 


£1,818 4 8 


Approved by Auditor-GeneraL 
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New Zbalakd iKSTmrTB. — S tatbmbnt ov Liabiutibs and Assbts at 31 st Pbobhbbb, 

1919. 


LiahilHiea, £ s. d. 

To Hector Memorial Fund 1,067 3 11 

Hutton Memorial Fund 856 14 5 

Carter Bequest .. 4,606 11 6 
Balance Government 
grants for research 
purposes .. .. 1,509 13 0 

Balance Endowment 
Fund in Post Office 
Savings-bank . . 4 18 1 

Balance . . . . 317 18 10 


£8,251 19 9 


£ s. d. 

By !l^lances in hands Pub- 
lic Trustee— 

Hector Memorial 

Fund .. .. 1,057 3 I1 

Hutton Memorial 

Fund . , . . 856 14 6 

Carter Bequest . . 4,605 11 3 

Outstanding accounts . . 14 6 3 

Balance in Bank of New 
Zealand . . ^ 

Balance in Post Office 
Savings-bank 


By Balance 


762 0 0 
1,056 4 3 
£8,251 19 9 
£317 18 10 


New Zealand Institute. — Government Research Grants. 

Dr. 


Cr. 


1919. 



£ 

s. 

d. 

£ 

8 . 

d. 

Jan. 1. 

By Balance on hand 





75 

0 

0 

April 3. 

Government grant 





55 

0 

0 

June 26. 

Government grant 





1,600 

0 

0 

Nov. 21. 

Government grant 





185 

0 

6 

Oct. 22. 

Government grant 





50 

0 

0 

Feb. 6. 

To Grant to L. J. Wild 


30 

6 

0 




Feb. 28. 

Grant to Professor Jack 


25 

0 

0 




May 6. 

Grant to Dr. 0. E. Adams 


55 

0 

0 




Aug. 11. 

Grant to Professor John Malcolm 


26 

0 

0 




Sept. 11. 

Grant to Professor T. H. Easterfield 


15 

0 

0 




Sept. 20. 

Grant to Professor John Malcolm 


25 

0 

0 




Oct. 29. 

Grant to R. Speight . . 


60 

0 

0 




Nov. 14. 

Grant to W. G. Morrison 


30 

0 

0 




Nov. 20. 

Grant to Q. Brittin 


20 

0 

0 




Nov. 20. 

Grant to Professor John Malcolm 


35 

0 

0 




Nov. 26. 

Grant to Professor T. H. Eaeterfield 


• 15 

0 

0 




Nov. 28. 

Grant to G. Howes 


30 

0 

0 




Deo. 5. 

Gtant to Professor John Malcolm 


35 

0 

0 




Oct. 16. 

By Refund by Canterbxiry Philosophical Insti- 








tute, part grant made 9th March, 1919 


, , 


60 

0 

0 

Dec. 19. 

To Grants to Dr. J. Allan Thomson 

•• 

26 

7 

0 







415 

7 

0 • 





Balance on hand 

•• 

1,609 

13 

0 







£1,925 

0 

0 

£1,925 

0 

0 


Clerical Work of the Institute. — The Board went into Committee to 
consider the proposal to appoint a permanent paid official to assist the 
honorary officers of the Institute, After some discussion it was resolved, 
on the motion of the Hon. Secretary, seconded by Dr. J. Allan Thomson, 
That authority be given to the Standing Committee to engage a paid 
whole-time official to assist the honorary officers of the Institute, at a 
salary not exceeding £200 per annum. 

Fellowship: Method of Election. — On the motion of Professor Chilton, 
seconded by Mr. Hill, it was resolved, That a committee consisting of the 
President, Professor Segar, Mr. Bwen, and Mr. Hogben be appointed to 
draw up rules for the election of Fellows of the Institute, and to report 
to the Standing Committee. / ‘ 

Catalogue of New Zealand Fishes. — ^The Hon. G. M. Thomsen stated that 
he had gone into the subject of producing a catalogue of New Zealand 



Proceedinffe. 


i fiiihes, and estimated that it would cost at least £1,725. On his nmtmii) 
^seconded by Professor Kirk, it was resolved. That this meeting of the 
Board of Gk)vernors of the New Zealand Institute re-urges upon the 
Government the necessity of preparing and publishing an illustrated 
catalogue of New Zealand fishes as a work of national importance, and 
that this work should be undertaken at as early a date as possible. 

International Research Council, — The action of the Standing Committee 
in arranging for a delegate (Professor Dendy) to represent New Zealand 
at the International Research Conference at Brussels was approved. 
Dr. J Allan Thomson summarized the published reports of the Conference. 
On the motion of Dr, Thomson, seconded by Professor Chilton, it was 
resolved, That the following resolution of the International Research 
Council be referred to the Government for favourable consideration : — 

“ Consid6rant que les pertes resultant de la guerre ne pourront • 4tre 
pleinement reparses que par le travail dirig6 de plus en plus dans la voie 
de la technique fecondee elle-mdme par de nouvelles d6couvertes scientifiques ; 
eonsid^rant que Toeuvre humanitaire et sociale ainsi d^volue k la science 
a besoin d’etre largement outill^e et subvention^ : La Conference ^met 
le voeu do voir les Gouvernements, representes dans la Societ6 des Nations, 
s’entendre pour constituer un budget international des sciences et con- 
tribuer ainsi aux travaux des Associations intemationales.” 

Financial Position of the Institute, — The financial position of the 
Institute was discussed at length. The President explained that a 
deputation had waited upon the Hon. J. B. Hine recently, and had 
secured an additional £500 towards the general expenses of the Institute. 
On the motion of Mr. Ewen, seconded by Mr. Hill, it was resolved, 
That for every copy of volume 52 of the Transactioni received by the 
incorporated societies a contribution of 2s. 6d. towards the cost of printing 
shall be made during the current year by such society. 

On the motion of the Hon. G. M. Thomson, seconded by Dr. P. Marshall, 
it was resolved. That this meeting of the Board of Governors of the New ^ 
Zealand Institute urges on the Government the necessity of amending 
section 10 of the New Zealand Institute Act by deleting the words “ five 
hundred pounds ” and substituting the words “ one thousand pounds,’* 
in accordance with a definite promise made by a Minister of Internal 
Affairs, and in view of the fact that a supplementary sum of £500 was 
paid during 1919 pending the alteration of the Act. 

The Public Trustee's Reports on the Carter Bequest, the Hutton 
Memorial Fimd, and the Hector Memorial Fimd for the year ending 31st 
December, 1919, were adopted. 


Hutton Mxmobial Kesbabch Fund. — Statement oe Account for the Year ending 


31st December, 1919. 







Dr. 


Cr. 




£ 8. d. 

£ 

s. d. 

By Balance 




826 

6 11 

Public Trust Office — 






Interest to Slst December, 1919, at 

£ s. 

d. 




4^ per cent. 

36 15 

11 




Bonus interest to Slst March, 1919 . . 

3 11 

7 






— 

. . 

40 

7 6 

To New Zealand Institute Account — Grant 






to Miss Mestayer for research work . . 

, , 


10 0 0 



Balance 

•• 


856 14 5 






£866 14 5 

£866 

14 5 

By Balance 

. . 


, , 


14 5 


dy BaJanoe 
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Hssotob Mbmobial Fitii®.^— S iATBMBiffT by Acootixit fob thb Ybi^ moxira SI^t 

, Dboismbxb, 1919. 

Dr. Or. 

£ B. d. ^ £ , B. d. 

ByBaknoe *. .. ..^ .. .. .. 1,067 19 9 

Public Trust Of^oe — * 

IntercBt to Slst December, 1919, at £ b. d. 

per cent. . , ^ . . . 45 14 6 

Bonus interest to Slat March, 1919 . . 4 11 7 

* .. . 50 0 0 

To New Zealand Institute Account — 

Dr. P. W. Robertson — Hector Prize for 
1919 ..46 0 0 

Allan G. Wyon — Twelve bronze Hector 
Medals .. .. .. . . 13 2 6 

C. A. Ewen — Duty on medals. . . . 2 18 4 

61 0 10 

Public .Trust Office : Petty expenses — 

Exchange . . . . . . . . 0 10 

Balance .. .. .. .. .. 1,057 3 11 

^ £1,118 6 9 £1,118 5 9 

By Balance .. .. .. .. .. .. ^ £1,057 3 11 


Oartbb Bequbst. — Statembot: of Account fob thb Ybab ending 318t Dboembbb, 

1919. 


Dr. Or. 

Residvary Account. £ ad. £ a d. 

By Balance .. .. .. .. .. 4,342 5 4 

Public Trust Office — 

Interest to 3l8t December, 1919, at £ s. d. 

4) per cent . . . . . . 196 3 9 

Bonus interest to Slst March, 1919 . . 18 2 5 

.. 213 6 2 


To Balance .. .. .. .. .. 4,556 11 6 


By Balance 


£4,555 11 6 


£4,555 11 6 
£4,555 11 6 


Balance as per account . . 


Asaets. 


£ s. d. 

4,666 11 6 


LiabUitiea. £ a d. 

Legacy — ^Museum and New Zealand Ixxstitute . . 50 0 0 

Balance Public Trustee’s commission . . . . . . At scale rates* 

Hutton Research Orant Fund . — ^A report from Miss Mestayer regarding 
the grant of £10 towards work on the New Zealand MoUusca was received. 
There Vere no applications for further grants. 

EuUon Award Committee. — The President then opened the sealed 
recommendation of the Hutton Award Committee, which proposed that 
the award should be made this year to the Rev. J. E. Holloway, D.Sc. 
Professor Charles Chilton moved, and the Hon. G. M. Thomson seconded. 
That the report be jidopted. Carried. 






KSFOBT OF TOT HuTTON MbMOBIAL AwABD COMMITTBBI. 

The Committee of Award unanimously recommend that the medal for 1920 be 
awarded to Rev, John E, Holloway, HSc, 

The Committee have reviewed the claims * of other biologists and geologists, but 
have been so impressed by the brilliant work of 1^. Holloway, by his patience and 
enthusiasm in hra search for material, by his keenness of observation, and by the 
highly important results obtained in his researches on ..the life-histories of the Lycopo- 
diaoeae, as well as that on the embyrology of Tmesipteria — botanical studies of out- 
standing merit and of far-reaching interest — that they place his work on a higher plane 
than tlmt of other men whose publications may nevertneleiM more numerous. 


W. B. Bbnham, Convener. 


Hector Award Committee. — The President also opened the sealed 
recommendation of the Hector Award Committee, which proposed that the 
award should be made this year to Mr. S. Percy Smith, for ethnology. 
Mr. H. Hill moved, and Professor Thomas seconded, the adoption of the 
report. Carried. 


Bxfobt or Hbgtob Memorial Award Committee. 

All members of the Hector Award Committee — ^Messrs. Spencer, Cheeseman, Thom- 
son, and myself — agree that the award of the medal for ethnology should be meule to 
Mr. S. Percy Smith. This conclusion is based on his remarkable services to science, 
as shown in his voluminous writings and his conducting of the Journal of the Polynesian 
society since 1892.^ Elsdon Best. 


Publication Committee's Report. — The report of the Publicatiop Com- 
mittee was adopted on the motion of Dr. Marshall, seconded by Professor 
Chilton, and it was also resolved. That the Committee be recommended 
to proceed as soon as possible with the publication of Mr. Dixon’s papers 
on mosses. 

Befobt or PuBUOATioN Committee. 

Forty papers were accepted for publication in volume 51 of the Transactions of 
the New Zealand Institute, and the volume was issued on the 1st September, 1919. It 
is of average size, and contains xviii plus 548 pages (of which 89 are devoted to the 
Proceedings and Appendix), 33 plates (one coloured), and a large number of text-figures. 
No date appears now on the title-page but the actual date of publication (1919 in this 
case), and the woMs for the year 1918 appearing at one place on the cover are due 
to an oversight in proof-reading. 

No bulletins have been issued during the year. 

For the Committee. 

C. A. Cotton, Hon. Editor. 

Hon. Librarian's Report. — The Hon. Librarian read his" report, and 
moved. That the report be adopted. The motion was seconded by 
Mr. Hill and carried. 

Report of the Library Committee. • 

The incoming exchanges have been received, registered, and placed upon the 
shelves. A list of those received for 1918 was prepared by a member of the committee 
and printed in the Appendix of the Proceedings, pp. 536-39. Owing to the suspension 
of the Smithsoni^ International Exchange, a number of important American publica* 
tions were not received during 1918 and 1919, but these are now beginning to come to 
hand. 

A few sample volumes have been bound, but the quotations received were so 
discouraging as regards price that no further action has been taken in regard, to the 
expenditure of the £260 voted for this purpose by the Government. 

Information has recently been received from the Director of the Intemationai 
Catalogue of Scientific Literature that the publications mentioned in the report of this 
committee for 1918 have now been noted for inclusion in* the IrUernatumod Catalogue. 
Before this letter came to hand, however, a letter from the Secretary of the Royal 
Society was received, pointing out the difficulties in carrying out the further publication 
of the catalogue, and asking for the consideration of the porition by the New Zealand • 
Institute as l^e Regional Bureau for New Zealand. 
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The Intemational Catalogue originated at a oonferenoe summoned by the Eoyal 
Sooiety in 1896, and the hnanoe of the undertaking was seoured by a loan oi £7,500 
advanced by the Boyal Society. Germany forma&y withdrew from the convention 
in 1914, and the Koyal Society undertook the direct control during the crisis, ^e 
aggregate net loss for the eleven years of isfigie is £2,556 28. Id. A sum of £8,50Q 
was raised to relieve the Boyal Society from the heavy Uabilities they had incurred 
down to the 14th issue. 

It seems clear that the catalogue, in its present form, cannot be self-supporting; 
It can only be continued with the assistance of a permanent endowment or of external 
subscriptions towards the expenses of the Central Bureau. The Royal Society will 
not be able again to undertake responsibility for the whole catalogue. Failing this, 
it is recommended that the form of the catalogue should be simplified by the omission 
of the subject indexes, and should consist simply of a quinquennial authors* list for 
each science, the Central Bureau to co-operate with any organizations dealing with a 
single subject, such as that at present responsible for Science Abstracts, 

In the opinion of your committee the catalogue could have little value in such a 
form, and the question for the Board of Governors to decide is whether the Inier- 
national Catalogue is df sufficient value to warrant an annual contribution by way of 
endowment. This can only be done, under present conditions, by a Government grant 
ad hoc. 

J. Allan Thomson, Hon. Librarian. 

Research Grant Committee's Report . — The Hon. Secretary read some 
additions to the Eesearch Grant Committee’s report already circulated, 
and moved, That the report be adopted. The motion was seconded by 
Professor Thomas, and carried. 

Report of Rbsbaboh Grant Cohmittbb. 

(Professor Easterfield, Mi. F, W. Furkert, and Mr. B. C. Aston.) 

(For previous reports see Trans. N.Z. Inat.^ vol. 60, p. 333, and vol. 51, p. 462.) 

Mr. L. P. Symes, who was in 1916 granted £50 (through the Philosophical Institute 
of Canterbury) for. investigating the decay of apples and other fruits in cold storage, 
reported that for health reasons, as well as pressure of business, lie was unable to toke 
up the investigation. On the 11th October, 1919, he therefore refunded the sum of £50. 

Mr. L. BirJcs, to whom £10 had been granted in 1916 (through the Philosophical 
Institute of Canterbury) for investigating the electrical prevention of frosts in orchards, 
was by reason of his transfer to Wellington unable to continue .the experiments. 
Therefore, on the lltli October, 1919, he refunded the grant of £10. 

Messrs. B. Speight and L. J. Wild, to whom £50 was granted in 1916 j[ through the 
Philosophical Institute of Canterbury) for the investigation of the phosphatic lime- 
stones of Canterbury, reported on the 19th December, 1919, that in the beginning of the 
year they examined the limestone country at Mount Somers and in the Rangitata Valley, 
and also the chalk at Oxford, with the object of finding phosphate. The results 
obtained were almost entirely negative. This work necessitated the expenditure of 
about £7, leaving a balance of about the same sum of the original grant. Owing to the 
restrictions on ti'avelling in the middle of the year (and other causes) it was found 
impossible to carry on the work ; but the grantees would ibe glad to receive permission 
to expend tho balance on further investigation, especially in the Mount Somers district. 

Professor R. Jack, to whom £26 was granted in 1917 (through the Otago Institute) 
for investigating the electrical charge on rain, reported on the Ist January that owing 
to pressure of University work he had been unable to utilize the grant. As this year 
Professor Jack expects to have further assistance, and a graduate prepared to undertake 
the work under his direction, he hopes that the New Zealand Institute will grant a 
further extension for a year. 

Professor G. Chilton, to whom £50 was granted in 1918 (through the Philosophical 
Institute of Canterbury)'^ for investigating New Zealand flax (phormium), reported 
on the 27th December, 1919, that it had been impossible to do much since the last 
reports had been submitted. Mrs. Jennings (now Dr. Bella D. MacCallum) had made 
the preliminary investigations ; but early in 1919 she had to leave for England. At 
Cambridge University pr. MacCallum has qualified still further for the investigations 
necessary, and it is hoped that before Ions she will retiirn to the Dominion and resume 
work on the New Zealand fiax. Out ox the grant of £50 a balance of £39 is stOl 
unexpended. 
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Prof&Ntor 7. Malcdin^ to whom £d0 was granted in 1918 (through the Otago 
'Xnatitute) for research in New Zealand plant poisons, reported on the 17th I^eoember, 
1919, that there was still about £14 Ids. of the grant in hand. The retea^ on 
pukateine wm continued during the vacation, but pressure of teaching- work had 
prevented the completion of a paper bcg^ on the subject. Professor Malcolm would 
like to have the final report postponed until December, 1920. 

Projeasiyr W. P. Exmns, to whom £200 was granted in 1918 (through the Philosophical 
Institute of Canterbury) for investigating New Zealand brown coals, reported on the 
22nd December, 1919, that the fiaotionatipg column — mentioned in his previous 
report — had at last come to hand. As it was more likely to be of general usevin the 
laboratory than for the special purpose of this research, it had been paid for entirely 
out of laboratory funds. Analyses and experiments had been made in connection 
with (1) Avoca coal, (2) Homebush coal, (3) Mount Somers coal, (4) Mossbank coal. 
Of the £200 grant a balance of £10 Os. 2^ remains unexiiended. Professor Evans 
desires a further grant of £200 to continue the investigations in 1920. 

Mr, Qu\f BrUtin, to whom £100 was granted in 1919 (through the Philosophical 
Institute of Canterbury) for research in fruit-tree diseases, reported on the 16th pfecem- 
ber, 1919, tiiat the general wOTk had been proceeding. This consisted of special 

£ ning and spraying, and noting the effects. The microscopical investigations had 
n delayed by the difficulty of procuring the requisite apparatus ; but owing to the 
kindness of Professor Kirk he had obtained the loan of a Cathcart microtome, which 
enabled him to prepare sections of some of the later stages of the diseases being investi- 
gated. At the time of reporting only £1 129. had been expended. 

Professor C. C, Farr, to whom £100 was granted in 1919 (through the Philosophical 
Institute of Canterbury) for experiments on the porosity of insulators, reported on the 
7th January, 1920, that the whole of this grant had been expended in the construction 
of a testing- vessel, which cost £95, and its fittings. Investigations will commence 
immediately Professor Farr returns from Australia. 

Mr, W, 0. Morrison, who in 1919 was granted £70 to £100 (through the Philosophical 
Institute of Canterbury) for research in the natural regeneration of exotic and indigenous 
forest-trees in connection with natural afforestation of high country, reported in 
December, 1919, that a certain amount of useful data had been collected, and many 
interesting photographs taken. This information would be used in connection with a 
paper to be read before the Philosophical Institute of Canterbury. The amount so far 
expended was £13 ISs. 3d. Mr, Morrison asks for a continuance of the grant. 

Mr, O, S. Thomson and Hon, O, M, Thomson, who in 1919 were granted £50 
(through the Otago Institute) for a research into the economic value of whale-feed, 
report^ on the 3rd December, 1919, that the apparatus ordered from Englaiid had 
not come to hand, and, owing to adverse weather conditions, there had been almost 
no opportunities for collecting. It is desired that the grant be renewed for another 
year. 

Professor J, Malcolm, to whom £250 was granted in 1919 (through the Otago 
Institute) for a-research on New Z^land fishes, reported on the 17th December, 1919, 
that he had secured the services of a research worker and carried out the anaylses of 
several of the common food-fishes, including groper, kingfish, moki, blue cod, &c. 
A paper entitled “ Food Value of New Zealand Fishes, Part I,” had been forwarded to 
the Hon. Editor. £116 had been expended, and a liability to the extent of £26 had been 
incurred for apparatus. It is hoped that another grant be made to enable the work 
to be continued. 

Mr, R, Speight, to whom £225 was granted in 1919 (through the Philosophical 
Institute of Canterbury) for a geological survey of Malvern Huls, reported on the 
19th December, 1919, that owing to the lateness of receipt of the mbney no expenditure 
had yet been made. Mr. Speight devoted all the time he could to the preparation of a 
report on the coal-measures at Broken Biver — an investigation which has some bearing 
on the problems to be considered at Malvern - and was submitting a paper on the ' 
geological features of these beds. Work on the research for which the grant was 
specially given would, however, be commenced forthwith. 

Messrs, Lancaster and Comes, to whom £50 was granted in October, 1919 (through 
the Auckland Institute), for forestiy research, expect to commence work early in 1920. 

Dr, G, E, Adams, to whom £36 was granted in 1919 (through the Wellington 
Philosophical Society) for astronomical research, reported on the 6th January, 1920, 
tihat the total amount of the grant had been remitted to the British Astronomical 
Association, London, for the purchas^of appsuratus. A transit micrometer is on the 
way to Wellington, and as soon as this instrument is in operation a further report will 
be made. 
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Dr. 0. JH, AdamSf to idiom £1^ waa granted (through the Wellington PhUoeopIdea! ^ 
Society) for research in connection wi& astronomicfd sites, reported on the 
Januai^, 1920, that a projpamme of test observations was being arranged, and wpiii^ 

, be available for use in the field in May, 1920, when it was proposed to be^ in the 
Island at about 45^ S. latitude. 

Pfo/easor^ B, B, Kirk, to whom £25 was granted in 1917 (through the Wellington 
PhUoso^od Society) for investigating metnods of killing mosquitoes and laj^ae, 
reported on the 3rd Janua:^, 1920, that the whole of the grant had been expended. : 
The experiments made confirmed the view expressed in the previous report that ihC 
oresoles in the pure state are not very effective, and that neither they nor the phenols 
are so effective as a mixture of all together. During 1919 he obtained no positive results 
of equal value with thos^ he had already obtained — that is, that he had found no 
larvicide of equal efficiency with light oU. Exp^iments had also been made with 
tangledoot mixtures. 

Professor T. JET. Bastetfidd, £6 whom £250 was granted in 4919 (through the 
Wellington Philosophical Society), reported that the investigation on miner^ oils, waxes, 
and resins has been proceeding steady since July last, and the first instalment of the 
investigation will be ready for pubUcation by May next. Of the sum of £250 granted 
for the research, £98 19s. has been expended (almost entirely on the salc^es of 
assistants), leaving a balance of £151 Is. 

Dr, J, Allan Thomson, to whom £100 was granted in 1919 (through the Wellington 
Philosophical Society) for a research into the chemical characters of igneous rocks, 
reported on the 28th January, 1920, that the work could not be begun un& November, 
1919, owing to the delay in arrival of the necessary literature from America. Since then 
Dr. Allan Thomson has had University students at work tabulating and plotting 
rock-analysea So far (January, 1920) £53 128. 6d. had been expended. 

Thomas H. EASTEsbnELD. 

F. W. Ftjbkebt. 

B. C. Aston. 

Professor Kirk explained that the item of expenditure, “ Professor Kirk, 
travelling-expenses, to Kapiti Island, £5 Is.,” referred to the expenses of 
Mr. Bendall as well as his own. 

Mr. Hill asked whether the Colenso botanical collection was being well 
cared for, and the President assured him that it was. 

Correspondence : Resolutions oj Science Congress, — The replies from 
Government Departments to the resolutions passed at the Science Congress, 
1919, were read by the Hop. Secretary. On the motion of Professor Kirk, 
it was resolved, That the matter be referred to the Standing Committee to 
take whatever action may be necessary in following up these resolutions. 

National Efficiency Board^s Report , — A letter, dated 14th March, 1919, 
from the Hon. the Minister of Internal Affairs was read. The letter stated 
that the Government could not at that time see its way to adopt the 
report of the National Efficiency Board, but had given instructions for 
the compilation of an annual census of industries. On the motion of 
Professor Easterfield, seconded, by Mr. l^ill, it was resolved. That the 
Minister of Internal Affairs be approached by a deputation urging that 
effect be given to the resolutions of the National Efficiency Board. 

Proposed Contour Map, — A letter of the 20th August, 1919, from the 
Wellington Philosophical Society, urging the preparation of a contoured 
topographical map, was read. On the motion of Dr. J. Allan Thomson, 
seconded by Mr. Hill, it was resolved, That in the opinion of the New 
Zealand Institute the ^preparation of a contoured topographical map of 
New Zealand, on as large a scale as practicable (say, 1 : 25,()b0), is now an 
imperative necessity, as the map is required for agricultural, geological, 
and geographical purposes. 

16 — ^Trans. . 
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Carter Bequest — Lettets of the 17th Match, 1919, and the 23rd AprA, 
1919, from the Wellington Philosophioal Society, were read. On the 
motion of Professor Kirk, seconded by Mr. Wright, it was resolved, That 
the New Zealand Institute will view with satisfaction vigorous steps in 
the direction of developing the Carter Fund to the point at which the' 
wishes of the benefactor can be carried into effect. 

Spience Congress, 1921 . — The President urged the importance of holding 
this Congress, and the suitability of Palmerston North for the meeting. 
He also invited Mr. Park (delegate from Palmerston North) to address the 
Board on this subject. 

Mr. Park stated that preliminary steps for holding the Congress had 
already been taken, and various local bodies had been approached. All 
were taking up the matter enthusiastically, and a number of the best men 
had been appointed to carry out the project. They hoped to arrange a 
few local tours for the visitors to the Congress. 

On the motion of Dr. Cockayne, seconded by Professor Easterfield,. it , 
was resolved, That in confirmation of the action of the Standing Committee 
the Board of Governors accepts the invitation of the Manawatu Philo- 
sophical Society to hold the 1921 Science Congress at Palmerston North. 

The question of fixing a date was discussed, and Mr. Park pointed out 
that an endeavour was being made to avoid clashing with the fiictures of 
the Australian societies. 

On the motion of Professor Easterfield, seconded by Professor Thomas, 
it was resolved. That the Standing Committee be authorized to act with 
the Manawatu Society in making all arrangements in connection with the 
Palmerston meeting, and to co-opt such additional members as they deem 
desirable. 

Intefnational Catalogue of Scientific Literature . — With regard to the 
letter of the 25th June, 1919, from the Koyal Society, the President stated 
that the letter had already been circulated among the Governors, and drew 
attention to the fact that the' catalogue was very little used. After some 
discussion it was resolved, on the motion of Dr. J. Allan Thomson, seconded 
by Professor Kirk, That a letter be written to the Secretary of the Royal 
Society expressing the view of the New Zealand Institute that the Inter- 
national Catalogue of Scientific Literature would be of little value without 
the subject index. If this is retained, the New Zealand Institute will 
urge on the Government of New Zealand to subsidize a subscription for three 
further copies of the catalogue for the incorporated societies of the Institute. 

Resignation of Hon. Edilor.—ThQ President read a letter (dated the 
5th November, 1919) from Dr. C. A. Cotton, resigning his position as 
Honorary Editor, and expressed. his a,ppreciation ot the admirable way in 
which Dr. Cotton had performed the duties of Editor. On the motion of 
Professor Chilton, seconded by the Hon. G. M. Thomson, it was resolved, 
That Dr. Cotton’s resignation be accepted with great regret, and that the 
thanks of the Board he conveyed to him for the excellent services he had 
rendered as Hon. Editor. ^ 

Proposed New Regulations of the Institute.—A. letter of the 28th March, 
1919, from the Wellington Philosophical Society, wa^ read, bringing before 
the notice of the Institute a suggestion to ame^ clause 6 of the FeUowship 
Rfegulations by deleting the words “ is a British subject and.^’ A moticm 
to this effect was moved by Professor Kirk, and seconded by Professor 
Easterfield, but the motion was lost. 



Kagp^ letter the 2&d Deoember, 1919^ Son* 

the Minister of Laz34«9 was reaH, stating l^at steps were being talc^ t^l^ 
up a Goxnmittee to advise the Government on Eapiti Island, and eisMbg 
the. Institute to nominate a representative to act on the cominitteel^Vli 
was resolved, on the motion of Dr. Cockayne, seconded by the Hon. Gv 
ThoDQ^on, That Professor Kirk be appointed the Institute’s representative^^ 
on this committee. t 

On the motion of Professor Kirk, seconded by the Hon. G. M. ThOms^^^ 
it was resolved j That the Government be again urged to take prompt acl^n !; 
in extinguishing the remaining Native titles on Kapiti Island, and in putl^xg 
an end to the damage being done by sheep'. 

Indexing “ Transactions.^' — letter of the ^Oth December, 1919, from 
the Canterbury Philosophical Institute, was read. The letter asked what 
steps had been taken with regard to indexing volumes 41 to 50. It was 
decided that the matter be left to the Standing Committee, to be kept 
steadily in view for action when the facilities were available. 

Samoan Geophysical Observatory. — The Hon. Secretary read a letter 
from Professor Farr, urging the importance of this observatory, and the 
necessity for compensating Dr. Anghenheister for the expense of maintain- 
ing it during the war. Dr. Adams, Government Astronomer, attended, and 
gave the Board first-hand infomation obtained during hia recent visit to 
Samoa. 

On the motion of Mr. Wright, seconded by Dr. Marshall, it was resolved, 
That, in view of the great importance of the Samoan geophysical observa- 
tory, a committee consisting of the President-elect, Professor Parr, Pro- 
fessor Marsden, Professor Somerville, and Mr. G. Hogben be set up to confer 
with the Government Astronomer and the Minister of External Affairs 
as to the best means to be adopted for the maintenance of the Samoan 
Observatory. 

r 

Macqiuxrie Island. — A report dated the 13th January, 1919, was received 
from Mr. H. Hamilton, dealing with the preservation of the fauna of Mac- 
quarie Island. It was resolved, That Mr. Hamilton be thanked for his 
kindness in preparing the report. On the motion of Dr. Marshall, seconded 
by Mr. Aston, it was further resolved, That the New Zealand institute 
would welcome action by the Tasmanian Government in the direction of 
declaring Macquarie Island a sanctuary for animals and plants. 

Hamilton Prize. — A letter of the 17th January, 1920, from the Welling- 
ton Philosophical Society, was read, offering to hand over the balance of 
the Hamilton Fund on certain conditions. Professor , Easterfield stated 
that the Wellington Society had consulted the relatives of the late Mr. 
Hamilton, and that they were in sympathy with .the money being devoted 
to a prize for encouraging beginners in scientific research. On the motion 
of Dr. Cockayne, seconded by Dr. Thomson, it was resolved, That the offers 
be accepted, and the matter be left in the hands of the Standing Committee 
to meet the Wellington Philosophical Society and draw up rules for the 
Hamilton Prize. 

New Zealand Flax. — On the motion of Professor Kirk, seconded by ' 
Dr. Cockajme, it was resolved, That the Government be urged to tate 
effective" steps to investigate the cause and treatment of “ yellow-lea^ ” 
and accompanying diseases in New Zealand fiax, and advised that this 
16 ^ 
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best be done by such liberal treatmeilt of the Gawthron Institute 
as would enable it to bring to New Zealand the best available plant- 
pathologist, who should devote his time to this subject for as many 
years as nught be necessary. 


Dommion Museum. — It was moved by Professor Easterfield, seconded 
by Dr, Marshall, and carried, That the attention of Cabinet be drawn to 
the urgency of the need of a new and fireproof museum to accommodate 
the valuable scientific collections at present - housed in the old wooden 
building in Museum Street. 


Forestry Matters. — On the motion of Professor Kirk, seconded by 
Professor ChUton, it was resolved. That the Institute convey to the 
Hon. the Minister of Internal Affairs its congratulations on the formulating 
of a definite forest policy. 

Sir David Hutchins. — :It was resolved, on the motion of the President, 
seconded by the Hon. G. M. Thomson, That the Board of Governors of 
the New Zealand Institute extends to Sir David Hutchins its congratulations 
on the honour recently conferred on him by His Majesty the King. 


Election of Hon. Members. — The nominations for honorary membership 
were then considered. Professor Easterfield and Professor Segar were 
appointed scrutineers. The voting resulted in the election of Sir J. G. 
Prazer, D.C.L. Professor J. W. Gregory, 'D.Sc., F.R.S. ; Sir A. D. Hall, 
M.A., K.C.B., F.E.S. ; Sir Douglas Mawson, B.E., D.Sc. ; Mr. Henry Woods, 
M.A„ F.R.S., F.G.S. 

TraveUing-expenses. — It was moved by Professor Kirk, seconded by 
Dr. Marshall, and carried, That the travelling-expenses of members of the ^ 
Board be paid. 

. Election of Officers. — The officers for the year 1920 were unanimously 
elected as follows: President, Professor T. H. Easterfield ; Hon. Editor, 
Mr. Johannes C. Andersen ; Hon. Treasurer,^ Mr. C. A. Ewen ; Hon. 
Librarian, Dr. J. Allan Thomson ; Hon. Secretary, Mr. B. C. Aston. 


Election oi Committees. — Publication Committee : Professor Kirk, 
Dr. Cotton, Mr. Johannes C. Andersen, Dr. J. Allan Thomson, and Mr. Aston. 

Library Committee: Professor Somerville, Dr. J. Allan Thomson, and 
Dr. Cotton. 

Research Grants Committee : Dr. J. Allan Thomson, Mr. Furkett, and 
Mr. Aston. 

Hector Award Committee : Dr. Marshall (convener), Mr. T. F. Cheese- 
man, Dr. Chilton, Professor Easterfield, and Dr. Cockayne. 

Hutton Award Committee.—Dr. Benham (convener). Dr. Marshall, 
Rev. Dr. Holloway, and Dr. Cockayne. 

Regulations Committee : Mr. Johannes C. Andersen, Dr. J. Allan Thom- 
son, Mr. Ewe^h, and Mr. Aston. 

Date and Place of Next Annual Meeting. -r-lt was moved by Dr. Chilton, 
seconded by Mr. Hill, and carried. That the date and place of the next 
annual meeting.be left in the hands of the Standing Committee to arrange, 
in conjunction with the Manawatu Philosophical Society. 

Mr, M, A. EUoU. — On the. motion of Professor Easterfield, seconded 
by Professor Thomas, it was resolved. That the Board of Governors hears 
Tmh regret of the serious illness of Mr. M. A. Eliott, and trusts that he will 
lave a speedy recovery. 




( Fofew of accorded to-^1) The 

asaistancd reodered to the Imtitute drcdng hie term of ^ce>as^^l^^ 
Internal Affairs ; (2) the honorary officers of the Institute, for their servi^ 
during the past year ; and (3) to the Standing CommiCtee, for seryi^ 
rendered during the year. * • ^ ^ 

A'uthority to confirm the miniOea of the annual meeting was granted io 
the Standing Committee. 

ResokUiom of Sympathy , — ^That the most hearty sympathy of the Board; 
be accorded the relatives of Professor Maclaurin, late President of the 
Massachusetts Institute of Technology. 

That the most hearty sympathy of the Board be accorded the relatives 
of the late Dr. Etheridge, Director of the Australian Museum. 


WELLINGTON PHILOSOPHICAL SOCIETY. 


Since the 30th September, 1918, eight meetings have been held — ^the annual 
general meeting, one special and six ordinary meetings— when papers were 
read as follow : — 

18th December, 1918 (annual general meeting) : W. Donovan, “ The 
Distillation of Waikaia Shales ’’ ; P. 6. Morgan, “ New Zealand Clays.’’ 

30th April, 1919 : S. H. Jenkinson, “ Majority and Proportional Kepre- 
sentation.” 

28th May : E. K, Lomas, “ Spiders ” ; R. L. Andrew, “ Seasonal 
Variations in the Wellington Milk-supply.” 

25th June : D. Jenness, “ Canadian Arctic Expedition, 1913-1918.” 

23rd July : R. W. Holmes (President), “ Notes on Decimal Coinage and 
the Metric System.” 

6th August (special meeting) : E. Marsden, “ Gun-location on the 
Western Front.” 

27th August : R. L. Andrew, “ Some Analyses of Human Milk with 
reference to Infant Feeding ” ; G. B. Bradshaw, “ The Bomb Calorimeter.” 

24th September : G. V. Hudson, “ On some Examples of New Zealand 
Insects illustrating the Darwinian Principle of gexual Selection ” ; R. W. 
Holmes and A. C. Gifford, “ Mount Tutoko and the Darran Mountains.” 

The average attendance has been forty. 

At the annual general meeting the annual report and audited balance* 
sheet were adopted. 

Abstract. 

Council Meetings, — Eleven meetings of the Council have been held, when consider- 
ition has been given to the following matters i — 

Research Qrarits , — Government grant of £2,000 was made available through the 
New Zealand Institute in January, and applications were invited from members. The 
loUowing grants have since been made : Asi^nomioal Section, £55 for apparatus for 
Mtronomical research; Professor T. H. j^anterfield, £200, *‘The Mineral Oils, Waxes, 
md Resins of New Zealand ” ; Dr. 0. E. Adams, £160, “ Testing of Observatory-sites ” ; 
Dr. J. Allan Thomson, £100,, “The Chemical Characters of Igneous Rocks.” 

An application from Dr! C. E. Adams lor a grant for assistance in computing a 
table of mathematical functions is upder conpiideration. ^ 
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honorary Mernber^ of the New Zeaiani IfwtUute.-^0^9iin% to tho deatM of 9i# 
honorary members of the Net^ Zealand Inltitute, the Council was called upon to submit 
six names for election to the honour. At the annual general meeting of th<^ InsUtute 
Dr. J. W. Mellor Wjss elected, the five remaining Taoancies to be filled at a later meeting. 

Fellowship of the New Zeakmd Institute, — conformity with the regulations of the 
New Zealand Instithte, the Council nominated the following for election to this honour ; 
C. E, Adams, B. C. Aston, T. Broun, C. A. Cotton, W. P. Evans, C. C. Parr, A. C. Gifford, 
C. Monro Hector, G. Hogben, R. W. Hohnes, G. V. Hudson, H. B. Kirk, J. S. Maolaurin, 
P, G. Morgan, R. J. Scott, H. W. Segar, S. Percy Smith, R. Speight, E. E. Stark, A. P. W. 
Thomas, 3, Allan Thomson, E. PhuXips Turner. 

Ledares in Practical Astronomy, — The Astronomical Section submitted a syllabus 
of lectures in practical astronomy, and after consideration the Council referred it back 
to the Section for preparation of a suitable scheme. 

Topographical Map of New Zealand, — ^The Geological Section referred the need of a 
topographical map of New 24ealand to the Council for its recommendation, and the 
Council found on forwarding the request to the Government that h map of this kind 
would shortly be put in hand. 

Boll of Honour. — No\iir that the war is over, a complete roll of honour of members 
who have served overseas is being prepared. 

King Telescope, — ^The society’s telescope presented by Miss Jessie King is now4n use, 
and a plate commemorating the gift has l^en approved by the Council and will shortly 
be attached to the mounting. 

Standard Time. — The Council forwarded the report of the Committee on New 
Zealand Standard Time to Admiral of the Fleet Viscount Jellicoo for his consideration, 
asking his support *to the scheme, as a measure of economic efficiency. ' 

Longitude-determination, — ^The Council approved the Aatrono|]^oal Section’s re- 
commendation that New Zealand should take advantage of the longitude-determination 
by wireless signals to be carried out between Australia and Greenwich shortly, and 
forwarded the letter .to the Department of Internal Affairs, the reply being that the 
Government could nbt see its way tp take part in the work. 

Membership, — ^The roll of the society stands at 181, as follows : Life members, 9 ; on 
active service, 13 ; ordinary members, 169 During the year one life member died ; 
four ordinary members died and eight resigned ; forty-two new members were elected, 
but ten of these did not become members. 

Library. — One meeting of the Library Committee was held during the year. The 
periodioals hitherto ordered from booksellers are now being ordered from the publishers. 
Many of the volumes are in an incomplete state, and for this reason no binding has been 
done this year. 

The sum of £69 7s. 6d. was allocated to the library, of which £36 Ss. lOd. has been 
expended, leaving a balance of £22 ISs. 8d. This amount added to last year’s balance 
makes a total of £112 Is. 9d. to be exx>cnded. 

Committee and Officers for 1920, — President — R. W. Holmes, I.S.O., 
M.Inst.C.E. Vice-fresidents — C. E. Adams, D.Sc., F.R.A.S. ; A. C. Gifford, 
M.A., F.R.A.S. Council — ^Elsdon Best, F.N.Z.Iu8t. ; T. H. Easterfield, 
M.A., Ph.D., F.N.Z.In8t. ; G. V. Hudson, F.B.S., F.N.Z.Inst. ; H. B. Kirk, 
M.A., F.N.Z.Inst. ; W. S. La Trobe, M.A. ; E. K. Lomas, M.A., M.Sc. ; 
E. Blarsden, D.Sc. ; P. G. Morgan, M.A., F.G.8. ; J. Allan Thomson, 
M.A., D.Sc., F.N.Z.Inst. ; G. H. Uttley, M.A., M.Sc., F.G.S. Secretary and 
Treasurer — C. G. G. Berry. Auditor — E. R. Dymock, F.I.A.N.Z. Repre- 
sentedives to New Zealand Institute — ^H. B. Kirk, M.A., F.N.Z.Inst. ; T. H. 
Easterfield, M.A. Ph.D., F.N.Z.Inst. 


ASTRONOMICAL SECTION. 

Four meetings were held, when papers were read as follow : — 

4th June, 1919 : A. C. Gifford, Graphical and Numerical Illustrations of Solar 
Attraction.” 

2nd July : D. M. Y. Sommerville, “Periodogram Analysis.” 

' 3rd September : C. J. Westland, ** Rapid Method of calculating Oooultations ** ; 
0. E« Adams, “ Reform of the Calendar.” 



^ to' the gtfiieped of tjie ipft|>^/the mooting of the 0^^^ 

« society; meetin^i^^^ *;-■• 

' the Ck^mmittee have been ^eld, and the 

BUbjecte have been ochmide^: Testing of alte^^ observatopes ; vCa^r 
Lectures in praoiloal astronomy; Determination of longitude | Beseareh at'^Sb' 
Observatory*. 

06sert?aft)ry,-~Daring the early part of the year the ObeervatmTir was closed o^dng ip 
difHieuity in having repairs oatri^ out ; latterly it has been open oh the second ahi 
fourth Tuesday evenings, and good average attendances have resulted. The building 
and instrument are in good repair; a plate to commemorate the gift of the 
telescope is in preparation for attaching to the instmm^t. Arrangements have be^; 
made with the Kelbum Tramway Company for a combined tram and Obsert^atory ^ 
ticket ; and a sign notifying that the Observatory is open is lighted up in Tramway 
Avenue on Observatory nights. Dr. C. Monro H^tor has very generously presented 
to the Section a bookcase and a cupboard to contain accessories, and a 20 in. celestial 
globe. Professor Sommerville and Honorary Secretary have been in oharge. 

Research. — A Government research grant of £55 has been made to the Section 
through the New Zealand Institute. 

and Offifiersfarr' 1920. — Honorary Member — Miss Mary Proctor. Chair ^ 
man-^A. C. Gifford, M.A., F.R. A.S. Fice-O^tVwien — D. M. Y. Sommerville, M. A., D.Sc.; 
W. S. La Trobe, M.A. Committee — ^Evan Parry, B.Sb., M.I.E.E. ; C. P. JPowles; 
H. Clark, M.Sc., Ph.D. ; C. Monro Hector, M.D., B.Sc., F.R.A.S. ; G. S. Hooper ; 
R. D. Thompson, M.A. Director and Cwr(ttor of Instruments — C. E. Adams, D.Sc., 
E.R.A.S. Honorary Treasurer — C. E. Adams, D.Sc., F.R.A.S. Honorary Secretary — 
C. G. G. Berry. 

Two members of the Committee having left the Dominion — viz., Mr. Evan Parry 
and Professor H. “Clark— their places were filled by Mr. J. Darling and Professor 
E. Marsden, D.Sc. 


TECHNOLOGICAL SECTION. 

Six meetings were held, when papers were read as follow : — 

. 14th May, 1919 : S. H. Jenkinson, inaugural address, The Design of the Modem 
Locomotive.” 

11th June: P. G. Morgan, “The Clays of New Zealand.” 

9th July : A. J. Paterson, “ Carburettors.” 

13th August: R. E. Robertson, “The Progress and Development of Railway 
Brakes.” ' 

17th September ; A. Seifert and T. H. Eosterfield, “ The Past and Future of the 
Flax Industry.” 

15th October ; L. Birks, “ The Mathematical Basis of Hydro-electriclpower Rates.” 
Date of Meetings. — From ^September the date of meetings of the Technological 
and Geological Sections was interchanged, the former Section now meeting on the third 
Wednesday in the month. 

Cotnmittee and Officers for 1920. — Chairman — W. S. La Tix>be, M.A. Vice- 
Chairmen — J. S. ' Maclaurin, D.Sc., F.C.S. ; A, J. Paterson, Committee — R. W. 
Holmes, I.S.O., M.Inst.C.E. ; F. W. Furkert, Assoc.M.In8t.C.E., A.M.I.M.E. j H. 
Sladden, member of Board of Surveyors ; E. Marsden, "D.Sc. ; L. Birks, B.Sc., M.LE.E. 
Honorary Secretary— A, C. Owen, B.E., A.M.I.E.E. / 


GEOLOGICAL SECTION. 

Six ordinary meetings were held, when papers were read as follow : — 

21st August, 1918 : G. L. Adkin, “ The Post-Tertiary History of the Ohau River ' 
and of the Adjacent Coastal Plain.” 

18th September, 1918 : •J. Allan Thomson, “The Geology of the Southern Wai- 
rarapa District” ; G. L. Adkin, “ Further Notes on the Horowh^ua Coastal Plain and 
the Associated Physiographic Features,” 

Ifith October, 1918 : G. Uttley, “ Terti^ Geology of the Waitaki Valley between 
Duntroon and Kurow”; W. M. Davis, “Tbe Significant Features of I^f -bordered 
Coasts.” 

2lBt May, 1919 : P. G. Morgan, “ The Tertiary Beds of Central O^go ” ; P. G, 
Morgan, “ Glentuimel Coalfield, ifitlvOT HillSjl Canterbury.” 



: 18th June: 8. A Mair, BrOftdmaking Stones of Wellington ^and Taranaki/’ 
16th July : J. Allan Thomson, “ Brachiopod Genera,” and ” Some ConglpmeratM ’ 
of Blast MaiiboTough.” * . 

At tho meeting held on the 16th July it was resolved. That, in the opinion of>he 
Section, the preparation of a contoured topdgmphical map of New Zealand on as large 
a scale as practicable (say, 1 : 125,000) is now an imperative necessity, as the map ik 
re<;(uired for agricultural, geologibal, geographical, and other purposes. 

CornmiUee and Officers for 1920. — CJMirman — G. H. Uttley, M.A. , M.So., F.O.S. Flce- 
Vhairinan — E. K. Lomas, M.A., M.Sc. Committee — R. W. Holmes, J.S.O^, M.Inst.C.E. ; 
J. Henderson, M.A., D.Sc., B.So. in Eng. (Metall.); P. G. Morgan, M.A., T.G.S. ; 
M. Ongley, M.A. ; J. A. Thomson, M.A., PiG.S., IT.N.Z.Inst. Hon. Secretaru — 

C. A. Cotton, D.Sc., RG.S. 


HISTORICAL SECTION. 

The annual meeting and six general meetings were held, when papers were read as 
follow': — 

15th October, 1918 : Elsdon Best, ” Native Tradition of the Death of Marion 
du Fresne at Bay of Islands in 1772, lirst Visit of Captain Cook and De Surville 
in 1769, &o.”; Johannes C. Andersen, ” Place-names in New Zealand, with Special 
Reference to Banks Peninsula.” 

17th December : Colonel Porter, C.B., ” Lesser-known Maori Customs.” 

20th May, 1919 : BUsdon Best, ” Bush Settlers of the Wellington District ” ; 
Johannes C. Andersen, ” The Mission of the * Britomart * at Akaroa in 1840.” 

17th June : Rev. Father Gilbert, “ Survey and Plan of the New Zealand Company’s 
First Settlement ” ; Dr. C. Prendergast Knight, ” An Episode in the Life pf Sir ^orge 
Grey.” 

16th July : Dr. J. Allan Thomson, ” On the Preservation of Records and Manu- 
scripts, and the Inauguration of an Historicai Journal” ; Colonel Porter, C.B., “Camp- 
fire Anecdotes of Fields, Battles, and Bivouacs ” ; Johannes C. Andersen,” Maori 
String Games.” 

. 19th August : H. G. Christie, “ Old Maori Middens at Paremata, Porirua ” ; F. P. 
Wilson, “ The Attitude of the British Government towards New Zealand before 1841.” 

2lst October : H. Baillie, “ Our First Navy.” 

Donations. — A large album of views of Wellington, dated 1886, was presented to the 
Section by Mr. R. W. Holmes, and nine views of old Otaki and Wellington, and of early 
gun-boats, by Mr. H. Baillie. 

Committee and Officers for 1920. — Chairman — Elsdon Best, F.N.Z.Inst. Vice-Chair- 
man— ^olpnel T. W. Porter, C.B. Committee — ^Dr. C. Prendergast Knight, F. P. Wilson, 
H. Baillie, W. A. Edwards, E. N. Hogben. 


AUCKLAND INSTITUTE. 

At the annual meeting (23rd February, 1920) the annual report of the 
Council was read and adopted. 

Abstbact. • 

In the fifty-second annual report of the Auckland Institute and Museum, which the 
Council now submits to the members, an endeavour is made to give an account of the 
financial and general condition of the Institute, and to briefly summarize the work it has 
performed during the year. 

Members. — ^The number of new members elected since the last annual meeting has 
been seventeen. On the other hand, twenty-four names have been removed from the 
roll — seven by death, twelve by pesignation or removal from the provincial district, 
and five for non-payment of subscription for more than two consecutive years. There 
is thus a net loss of seven, the number on the roll at the present time being 455. 

In the list of members removed by death will be found the name of Major T. Broun, 
the well-known authority on the New Zealand Coleoptera. Major Broun’s connection 
With the Institute commenced in 1875, cmd from then to almost the day of his death the 
peater part of his time was devoted to his favourite study. The results of his work have 
been published from time to time in the separate parts of the Manudl^ofthe New Zealand 
Cdleo^ra, in th^ Transactions and Bulletins of the New Zealand Institute, and in 
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tariotik other pul^ationifi. ^Through his oontiiiuous energy and activity, it Oan 
that no other family of JZealand insects has been so carefully investigated M w 
€!dleoptera. Major Broun^s death will be severely felt by all workers in Kew 
entomology. The remaining members withdrawn from the roll through death a>^: 
Mr.*J. Batger, who served on the Council for several years, and was Piesident 
1899-1900 ; Mr. F. D. Halstead, Mr. J. M. Blair, Mr. E. Mitchelson, Mr. W. J. Speight^ ' 
and Mr. B. V. Ralph. 

In this part of the report it should be mentioned that under Regulations 20 to 20 , 
of the New Zealand Institute, gazetted 4th September, 1919, the Fellowship of the Nevr 
Zealand Institute was constituted, the object being to mark distinction or research in 
science. It was provided that the first Fellows should number twenty, ten of whom 
became Fellows automatically on 'account of possessing certain qualifications, the 
remaining ten being elected in a manner prescribed by the regulations. Out of the 
total number of twenty Fellows appointed, the following are members of the Auckland 
Institute; Mr. T. F. Cheeseman, Mr. D. Petrie, Professor H. W; Segar, and Professor 
A. P. W. Thomas. 

Finance. — ^The total revenue of the Working Account, after deducting the balance 
in hand at the beginning of the year, has been £1,886 6s. 3d., being an advance of no less 
than £207 1 Is. 6d. on the amount for the previous year, which was rather smaller than 
usual. Examining the various items, it will be seen that the members* subscriptions 
have yielded £40^ .8s., showing a slight decrease. ' The receipts from the Museum 
Endowment, consisting of rents and interest, have amounted to £816 Os. 8d. being an 
advance of £102 Ts. 9d. on last year’s income. The invested funds of the Costley 
Bequest have provided £449 10s., almost exactly the same as that of the previous 
year. The remaining items call for no special remark. The total expenditure has been 
£1,753 168., and the cash balance in hand is £259 I6 b. 9d. 

The invested funds of the Institute and Museum, now amounting to £23,154 14s. Id., 
have been increased during the year by the sum of £209 Os. 4d., mostly derived from the 
sale of some small endowments. 

Meetings. — The satisfactory results obtained during the session of 1918, described in 
last year’s report, induced the Council to still further increase the number of meetings, 
and to pay greater attention to the proper illustration of all suitable lectures. Altogether 
ten meetings have been held, at which the following lectures were delivered, or papers 
for publication contributed ; Dr. J. W. Mollraith, “ Some Modem Views on Education 
and the Social Unrest ” ; Professor H. W. Se^r, “ The Attenuated Sovereign ** ; 
K.AIackenzie, “ Cancer and its Relation to Public Health ” ; Professor G. Owen, “The 
Discovery and Properties of Radium *’ ; Professor G. Owen, “ The Lessons of Radium ** ; 
J. A. Bartrum, “ Some Aspects of the Geological History and Cultural Development of 
Man ’’ ; W. S. Vernon, Electricity in the Home *’ ; T. L. Lancaster, “ Energy and 
Living Organisms ; F. E. Powell, “ Ferro-concrete Ships ’* ; J. A. Bartrum, “ The 
Conglomerate Band at Albany,” and ** Additional Facts concering the Distribution of 
Igneous Rooks in New Zealand ” ; D. Petrie, “ Descriptions of^ew Flowering-plants ” ; 
T. F. Cheeseman, “ Contributions to a Fuller Knowledge of the Flora of New Zealand.” 
The attendance at the whole of the meetings was remarkably good; in fact, at Professor 
Owen’s two lectures on radium the hall, although seating nearly four hundred, proved 
quite insufficient to accoflimodate all those desiring to hear the lecturer. The papers 
written for the purpose of publication have been forwarded to the Editor of the 
Transactions y and \vill doubtless appear in Volume 52, now being sent to press. It 
should be mentioned that Volume 61, containing the papers read before the various 
branches of the Institute during 1918, was not received for ffistribution until late in 1919. 

Ltftrary.— The annual balance-sheet shows that the actual expenditure over the 
library has been £163 3s. 6d., but there are stilFsome outstanding accounts to be provided 
for. An order for over seventy volumes, despatched some time before the last annual 
meeting, arrived about the middle of March ; and another for close upon ninety volumes, 
forwarded last September, was received shortly after the beginning of this year. In 
addition to the purchase of books, the magazines and other serial publications sub- 
scribed to by the Institute have been regularly received, and made available for the use 
of readom in the library. The usual expenditure has been incurred in binding the pub- 
lications of societies and scientific journals, about fifty volumes having been added from 
that source alone. As in past years, various presentations and ex&anges have been 
received from British, American, and colonial societies, together with several donations 
from private individuals. 

In previous reports the Council has remarked on the growing scarcity of shelf-room 
in the library. It has now to state that no further accommo<^tion is available therein/ 
Under such circumstances, the Library Committee has been authorized to erect a tem- 
porary range of shelving in the §mall room oj^site the curator’s office. When this is 
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done ihe demand for space will be slightly mitigated ; but even then it is to i|e 

how the natural growth of the library can be accommodated for more than a few 
years to come. In the library, as In all other departments of the wOrk of the Institute 
and .Museum, the call for more space is loud and insistent. 

Muslin . — With the exception of a short period devoted to cleaning and.reai^mge- 
meht, the Museum has beep open to the public throughout the year. The attendance 
of visitors has been satisfactoiy, as whl htd readily admitted wWn the following 
statistics are considered. Taking the attendance on Sundays first, the register kept 
by the janitor shows that *25,839 people entered the building on that day, being an 
average of 490 for each Sunday. The greatest attendance on any one day was 8^ 
oh the Ist June ; the lowest 28, on the 5th October, an unusually wet day. On the 
nine chief holidays of the year the total number of visitors amounted to %193, or an 
average of 688 for each holiday. The largest holiday attendance was 986\ bn Easter 
Monday, closely followed by 934 on King’s Birthday. From the wamt of recording 
mechanism it is not possible to give the actual attendance on ordinary week^ys ; but 
taking occasional counts as a basis for calctilation, it seems evident that the average 
daily number of visitors can be saf^y taken as 250, which would give a total of 75, 
Adding to this number the inures already given for Sundays and holidays, the grand 
total becomes 107,787. This is the first time the number, of visitors Yim exceeded 
100,000, although in several previous years a close approach to it has been made. 

In the present crowded state of the Museum it is practically vnpossible to make 
any changes of importance therein, or to exhibit more than a small proportion of the 
many additions that are being regularly received. Under existing circumstances all 
that can bb done is to keep the collections in good order and condition, and to be 
satisfied with those minor alterations and improvements that can still be carried out. 
Among sthese may be mentioned the rearrangement of the collection of New Zealand 
shells ; the worl^g into their proper places of some additions that have been made 
to the mounted series of New Zealand birds ; the mounting .for exhibition of a con- 
siderable number of articles presented to the Maori collection ; and several changes in 
the Foreign Ethnographical HalL 

By far the most important donation made to the zoological department of the 
Museum is a series of four skins of the larger North Amerioan mammals, presented by 
Mjr. V James Dunning, of Bemuera, who obtained them dtiring a recent hunting expedition 
to the Kenai Peninsula, Alaska. There is a fine specimen of the moose, the largest 
existing member of the deer family ; an unusually fine example of the Alaskan brown 
bear {Ursus middendorfii), the largest of all bears; a specimen of the black bear; 
and one of the remarkable big-horn sheep, with its enormous spiral horns. It is 
much to be regretted that there is not room in the Museum for the exhibition of 
four such large and attractive animals. As it is, the skins have been properly 
treated, and will be packed away until the erection of a new Museum makes it possible 
to exhibit them. Among other additions belonging to this class, attention should be 
directed to the gift ma^ by Mrs. L, Moses of a handsome plate-glass show-case, 
containing 300 speci,es of' foreign sheUs and thirty-five corals. Thanks are also due to- 
Mir. G. Henning and Mr. Hallyburton Johnstone for some interesting specimens of 
New Zealand birds. 

In the Maori Department special interest will be taken in the discovery by Messrs. 
Hovell and Bell of an ancient Maori workshop near Katikati Harbour, apparently not 
very far distant from the locality visited by Captain Gilbert Mair, and described by 
him in the Transactiona of the New Zealand Institute (voL 35, p. 240). An inspection 
made by the curator under the guidance of Mr. Hovell proved that the workshop 
covers quite a large area. The explorations made have resulted in the formation of 
a large collection of stone adzes and other implements in various stages of manufacture, 
together with numerous grindstones, borers, drill-points, &c, Mr. Hovell has set 
aside for the Museum an extensive series of the articles obtained, with the object of 
supplying material for the construction of a special group illustrating the manufacture 
of stone weapons by the Maoris. A portion of riiis material has already arrived in 
Auckland, and the remainder will gradually follow. An illustrative ^oup of the 
character mentioned above, prepared according to modern methods, would form a 
most interesting exhibit in the Maori Court of the new Museum. \ The Council have 
tendered the cordial thanks of the institution to Mr. HQvell for his liberal action ; alsq 
to his colleague, Mr. B. W. Bell, who has deposited his valuable Maori collection in 
the Museum, ' > ^ 

Other noteworthy additions to the Maori Hall comprise an ancient historic iaiaha 
bearing the name of Bongotakitaki, and formerly tho property of the Ngapuhi warrior 
Kawhiti, presented by Mr. George Graham; a ^e greenstoi^ PiHf a gre^tone 
poriof several stone adzes and fishing- weights, donated by Mr. D. Shanks, Maugataxigi; 



ill atikeiit boae^ 0 ^ Mr. F. Stewart* per Captiln 

a^^remaorJ^bly larg» md me spiinstone adie* with a sex^ <4 eis: |)(i0ked 
tfiat^bated by Mr. AnidL The Oounek have also to aelbaowledg^ 
thanks* the reoelipt of a cheque for £25 from Mr. Gulbrie Smith, whioh, at hia h^ 
bqeh exhonded in the j^urchase of certain interestiim Maori frdin Botoi^^ 

A valuable and instructive addition is a life-size model of a Gilbert-Islander, wea^^ 
a remarkable armour made of coconut sinnet, and carrying a long hghting-spear arm^; 
with sharks* teeth. Comidete sets of this armour, the use of wfai^ was conhned 
a small part of Polynesia, are nOw rare and dlMcult to obtain. The Museum is th^ 
greatly indebted to Mr. A. J. Ellis for presenting the admirable specimen now in the ; 
Museum. The model of the warrior was preptned in the Museum. 

In foreign ethnography the most important acquisition is a collection of Indiad 
. swords, armour, art treasures, Ac., .comprisnig no less than eighty-nine articles. 
was originally formed between the years 1860 and 1890 by the late Mr. James E. Yates, 
who at that time occupied an important position in the -Indian Public Service. On 
his retirement he emigrated to New Zealand, and died at Gisborne a few years ago. 
The collection, which has considerable intrinsic value, is no% presented to the Museum 
by his daughters, in memory of their father. The importance of the gift has l^n 
suitably aoi^owledged to the donors, and the collection has been placed on exhibiUon 
in the entrance hall of the Museum. 

There has been reoeiv;^ from the Victoria and Albert Museum, South Kensington, 
a welcome donation of eighteen watches and movements of eighteenth-century age. 
These are part of a series of 1,500 antique watches 'presented to South Kensington by 
the well-known coUector Mr. Evan Roberts, with the stipulation that those specimens 
not required for the national collection should be distribute among a number of selected 
institutioiu. It is gratifying to find that the Auckland MUsetun has been chosen as 
one of the participants. 

The thanks of the Museum are due to Dr. A. O. Purchas for an interesting colleotlon 
of sixteen Egyptian antiquities, obtained by him while serving in Egypt with the 
Medical Branch of the New Zealand Expeditionary Force. It forms an appropriate 
- supplement to the collections obtained from the Cairo Museum some two or three years 
ago. Some valuable suggestions made by Dr. Purchas respecting the extension the 
Egyptian collections in the Museum will be gladly acted upon when circumstances 
permit. 

War CcUections.— The Council have pleasure in announcing the receipt of a valuable 
collection of between twenty and thirty guns, revolvers, pistols, Ac., formed by the 
late Mr. D. Evitt, for many years in business in Auckland as a gunsmith. It is now 
presented to the Museum by his family as the ** David Evitt Collection.** The articles 
date between the yea-rs 1760 and 1860, and will constitute an excellent introduction 
to the war collection now being formed, particularly as it includes examples of the 
well-known “ Brown Bess ’* flint-lock gim and other types, which, from* the reign of 
Wflliam III for quite onei hundred years, constituted the standard weapons of the 
British Army. 

A considerable number of small collecrions have been received from returned 
soldiers and others, and the following may be specially mentiox^ : Private J. M. 
Griffen, N.Z.M.C;, presents numerous articles obtained in Egypt, Salonica, and France j 
Major Q. S. Choeseman contributes a varied assortment c^ecW in Egypt, the Sinai 
Peninsula, and Palestine ; Mr. J. D. Whitcombe presents the house flag of the German 
trading- vessel “ Elfrida,** the last to navigate the South Pacific after the outbreak of 
the war; while Captain Boscawen donates several interesting articles obtained at 
Gallipoli or in France. 

Since the last annual meeting there has been much con^pondence with the Govern- 
ment relative to the distribution of war trophies and war collections generally ; 
and a deputation representing both the city and the Museum waited upon the 
Premier on his return from Europe. The result has been to smooth away many 
difficulties, and especially to afford more information as to ' the intentions pf the 
Government. So far as can be ascertained, no distribution of trophies will be mide 
until the whple of. the materia] has arrived in the Dominion, and has been properly 
examined and catalogued. This having been done^ all those trophies pofdtively 
identified as having Wn captured by a particular unit of the Exi)eaitionary Forces 
will be sent to the nearest headquarter to^ of the remment to which the unit belongs. 
The remainder of the material, constituting by far greater portion of the whme, 
will be subject in the first instance to fhe selection of one sample of each kind pf 
trophy for the National Museum at WeUihgton^ The remainder will be divided into 
fpur p^trts, to be distribute withim the four chief districts of the Dominion; and A 
distinct promise has beAn given to^ the eil^t that the wishee of the local Mui^uIe^ 
shall receive full obhsideratxon. In it is stated that^** long agP instcuoticK^ 




were given that, where possible, four samples of allotted trophies shoidd be secured-^ 
one to go to the National Museum, and the rest to the thz^ Other Museums.** So 
the matter rests at present. - 

The Domain Site and a New Museum , — ^In la8t.year*8 report> the CSounoil dwelt 
at considerable length on the drawbacks and deficiencies of tl^e present Museum 
buildings, and showed that the existing site was not large enough for present 
requirements, to say nothing of future ne^ds. It then described the ste^ that had 
been taken to obtain a site in the; Auckland Domain, and the sympathetic readiness 
with which , the proposal was received by the Auckland City Couned. Finally, it 
announced that the passage through Paxliament of the Auckland Institute and 
Museum Site Empowering Act had validated the action of both the City Council and 
&ie Institute, and that the site — admittedly one of the finest in Auckland — was now 
open to be dealt with as soon as the necessary funds were available. It is now the 
duty of the Council to state what action has b^n taken since the last annual meeting. 

At a meeting of the Council held in March last it was decided that the best chance 
of successful effort was to be found in securing the co-operation of the City Council, 
then preparing to discuss the shape that the war memorial for the City of Auckland 
should take, and the following resolution was carried : “ That this Council affirms the 
stutability of a modem Museum as the selected form of war memorial for the Auckland 
District ; such Museum to be erected on Observatory Hill, in the Auckland Domain, 
and to have special reference to war-memorial exhibits, including a hall devoted to 
such. It is further suggested that the special committee of the City Council appointed to 
consider the question be earnestly requested to favourably consider the proposal, and 
to commend it to the citizens as the most suitable project to commemorate the war, 
and as being in the interests of the citizens generally.” The above resolution was duly 
forwarded to the City Council, which had also received numerous other proposals' from 
various sources. All these were carefully considered by the City Council and its 
advisory cbmmittee, with the result that the erection of a modem Museum on Observa- 
tory Hul was accepted as the most suitable war memorial for the Auckland District. 

The erection of a new Museum building will now necessitate some organized move- 
ment to raise funds. There seems to be no serious rivalry to this project ; on the other 
himd, there is every -indication that it is coming more and more into favour, even on 
the part of a sectiop of the community which at the outset hesitated to give its support, 
with the result that the community wilf probably now be united in its favour. The 
building will combine with Museum accommodation suitable halls for the adequate 
display of war trophies, also galleries to contain photographs of those members of the 
New Zealand Exp^tionary Forces who have specially distinguished themeelves/ The 
grounds will permit the Suitable display of those large armaments which cannot be 
provided for in any building. 

The cost of building* on the Domain site will doubtless be considerable, and will 
probably not be less than £100,000. It must be remembered that the first instalment 
of Museum buildings must provide not only for immediate needs and for the display 
of the exhibits in a modem manner, but must also be sufficiently extensive to acoom- 
modate many invaluable collections at present in private hands, but wliich, if they can 
be displayed in an adequate manner, will be donated to the citizens of Auckland, thus 
brming a priceless addition to the Museum. 

The Council is in communication with the Right Hon. the Prime Minister with a 
new to securing a subsidy from the Grovemment towards the erection of the building. 
The position has been fully set out to the Government as follows : “ The Auckland 
&fuseum occupies an anomalous position as regards State assistance, as is proved by the 
following facts respecting the four chief museums pf the Dominion. In Canterbury 
:rom £18,000 to £25,000 has been expended in erecting the Museum, every penny (5f 
vhich came from public funds. In Otago the original buildings cost £l2,600, also all 
ierived from public funds. Half the cost of an additior^ made some ten or twelve years 
jrears ago was* also borne by the Government. Whatever has been done in the past 
n Wellington has been done directly by the Government, and in the immediate future 
\ large expenditure is contemplated for the erection of an entirely new Museum. In 
(Auckland alone has the governing body of its Museum beeu compelled to provide almost 
ke whole cost of erecting buildings, and, whUe the bequests and the monetary contribu- 
ions made to the Museum amount to over £20,000, the total sum given by the Govem- 
nent barely reaches £3,600, all of which was granted many years ago. Had the Museum 
)ouncil been able to provide intact the whole of the benefactions made to the Museum, 
revenue of the institution would have been much greater, but it has been necessary 
Q use a large proportion for enlarging the site of the Museum and erecting buildings, 
n expen^ture which in the other Museums has been provided for out of public funds, 
n no ot^r part of the Dominimi have such large benefactions in money been made 
b, )luseum 0 as in AuctfUuid and so little done by the Government* Surely the public 





qjiirit evi^en^d by tbe oitken^ of Aifckltod ^uld,haTB.,ieo«irrod more iwustHtcfi Aad' 
rnone ajmreo^tion than \ha8 been shown by past Governments of \he Beidbiot^ \ ^ 
claims m Auckland in this oonneotion are such that'the pFopos^ for a subsidy 
commend itself favoi^ably to the consideration of the Government. 
will not absolve oi|r commtmity from a very considerable voluntary effort. ^ 
is well organized and the claims of the Museum substantially j^oed before the citlze^^ 
of Auckhmd there need be little fear of . an inadequate response.’* It is hoped t^t 
Government will grant a pound-for-pound subsidy — ^namdly, £50»000 — and that th^;! 
balance of £50^000 be then raised by voluntary subscriptions, for which purpose suitaMb^ 
action will be duly undertakefl^ * x 


Election of Officers for 1920, — President — Mr. J. H. Gimson. Mayor of 
Auckland. Vice-Presidents — Hon. E. Mitchelson ; Mr. C. J. Parr, C.M.G,, 
M.P. Council — Professor C. W. Egerton; Mr. J. Kenderdine ; Mr. T. W. 
Leys; Mr. E.y. Miller; Mr. T. Peacock; Mr. D. Petrie, F.N.Z.Inst. ; Pro- 
fessor H. W. Segar, M.A., F.N.Z.Inst. ; Professor A. P. W. Thomas, F.L.8., 
F.N.Z.Inst. ; Mr. J. H. Upton ; Mr. H. E. Vaile; Professor F. P. Worley, 
D.Sc. Trustees — Mr. T. Peacock ; Mr. J. Reid ; Professor A. P. W. Thomas, 
M.A., F.N.Z.Inst. ; Mr. J. Upton ; Mr. H. E. Vaile. Secretary and Curator 
— Mr. T. F. Cheeseman, F.L.S., F.Z.S., F.N.Z.Inst. Auditor — Mr. S. Gray. 
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PHILOSOPHICAL INSTITUTE OF CANTERBURY. 


At the annual meeting (3rd December, 1919) the annual report and 
audited balance-sheet were adopted. 

Abstract. 

. Council. — Twelve meetings of the Council have been held during the year. . Owing 
to removal or temporary absence from Canterbury the following members of Council 
found it necessary to resign, viz. : Messrs. W. Skinner (Vice-President), W. G. 
Aldridge (Librarian), L. Birks, and M. H. Godby. Mr. A. M. Wright was ele'eted a 
Vice-President in place of Mr. Skinner, but shortly after also found it necessary to 
resign, and Dr. F. W. Hilgendorf was elected in his place. The following members Of 
the Institute were elected members of the Council to fill the vacancies caused : Miss 
E. Herriott (Librarian), and Messrs. H. F. Skey, G. Holford, and Dr. F. J. Borrie. 

Meetings of the TnstittUe. — Eighli ordiilkry meetings and one additional ordinary 
meeting were held at Christchurch. At the opening meeting Dr. C. C. deUveied 
his presidential address, on “Some Physical Discoveries of the Last Tliirty Years.” 
Lectures -of general interest were delivered by the Hon. G. M. Thomson, oh “ The 
-.Naturalization of Animals in New Zealand”; by Mr. B. G. Robinson, on “Phases of 
PracticaK Forestry ” ; by Mr. H. T. Ferrar, on Aeroplane Surveying in Palestine ” ; 
and by Mr. A. V. Mountford, on “ Leather.” Fifteen technical papers were read, com- 
prising botanical (five), chemical (four), geological (two), historical and general (two). 
Exhibits of scientific interest were displayed by Messrs. B. G. Robinson — Indian 
timbers; S. Page — ^variations in the genus Clematis; R..Naim — JMbumum Adami; 
and W. Martin — ^nine species of eucaly|)t attacked by scale {Ericoccus coriaceum), and 
a beetle {Paropsis sp.) causing much damagfe to the leaves. 

In ao(^ordance with a recommendation from the last annual meeting, two meeting^ 
of the Institute were held at Timam and one at Ashburton, where the following v 
addresses wore delivered : Dr. Giarles Chilton, “ Aims and Aspirations of the New 
Zealand Institute ” ; Dr. C. C. Farr, “ The Building-stones of the Universe ” ; Dr. F. W, 
Hilgendorf, “ The Pi*esent Status of Darwinism ” ; Mr. A. M. Wright, “ Science and 
Industry, with Special Reference to the Freezing Industry.” These meetings were both 
successful and wdl atteiTded, and it is hoped the Institute yfill see its way to hold similar 
meetings in the future. 

Membership.^The membership has been greatly increased during the year, mainly 
as'. a result of the Science Congress held in. February. 'From 177 in 1918 the number; 
baa risen to 230 in 1910. Fifty-dght new members were elec^, while five niember- 
ships lapsed. 



^ Ohitudry * — ^It is with regret that the Ootmoil hies to record the deathe of Sir John 

i)eimi8to]i; Mr. T. W« Adaim^ and Mr. Gilbert Anderson, all of whom were xnemberi 
of lonff stfimding, who had taken a keen interest in the actMties of the Institute. 
Oouncu further takes this opportunity of^ recording its sense of the lose to the Institute 
isnd to the cause of science resulting from the death of the late Major Brodn, 
Zealand's foremost coleopterist. . 

FeUowshipB of the l^ewiZealand Institute. — ^Jhe Council has pleasure in- announoiii^ 
that, in accordance with the regulations, the first election of Fellows of the l^ew 
Zealwd Institute has be^ held, and that three of our members are now originid 
Fellows— viz., l>r. Charles Chilton, Dr. C. C. Farr, and Speight. The congratula- 

tions of the Institute are extended to these gentlemen on the distinction conferred 
Upon them. 

Oovemment Research Grants. — ^The Government this year voted £2,000 to the New 
Ze^and Institute for the purpose of providing research grants. On the applicatioii ol 
the Council the following .^ants were made to members : £226 to Mr. E. Smiglit for 
a geological survey of the Malvei;n- Hills ; £100 to T>r. C. C. Farr for research on the 
porosity of porcelain used for making insulators ; £100 to Mr. G. Brittin for researches 
on fruit-tree diseases ; and £70 to £100 to Mr. W. Morrison for research on afforestation 
on the Spencer Eanges. For various reasons, the researches on prevention of frosting 
in orchards and causes of decay in fruit in cold storage have had to be discontinued, 
and iAie grants have been returned. 

Co-ordination of Science and Industry. — The Council has continued to press on the 
responsible authorities the necessitv for some moans of making known to manufacturers 
the latest scientific discoveries relating to theij various industries. The Council has 
urged the immediate appointment of an Industrial Header, and later of a Department 
of Scientific Research, and in this connection has had the benefit of a consultation with 
Mr. C. M. Ollivier (Chairman of the Christchurch Branch of the Canterbury Progress 
League). Copies of a report on the same topic by a committee of the Industrial 
Association of Canterbury have been tabled. A donation of £10 has again been made 
towards the equipment of the Technological Section of the Public library, which the 
Institute was instrumental in having established. 

General Meetings of the New Zealand Institute — Science Congress^ 1919. — ^At the 
invitation of the Philosophical Institute of Canterbury the Board of Governors of the 
Hew Zealand Institute decided, at the annual meeting in January, 1918, to hold a series 
of public meeting of the members of the Institute at Christchurch early in the year 1919. 
During *the year 1918 preliminary ajrangements for the programme were made by th^, 
Standhig Committee of the New Zealand Institute, while the local arrangements were 
attended to by the Philosophical Institute. In November, 1918, owing to the illness of 
siome members of the sub-committee of the New Zealand Institute that was dealing with 
the matter, and other causes, the Standing Committee asked the Philosophical Institute 
to take over the whole control of the preparation for the meetings. This was done, 
and, although unexpected difficulties arose as the result of the infiuenza epidemic, the 
aeries' of meetings was successfully held from 4th to 8th February, 1919, and was largely 
attended both by visitors from other parts of New Zealand and by the members of the 
iooal public. Excellency the Governor-General and the Minister of Internal Affairs 
were present at the ox)enmg meeting, at which the President, Dr. L. Cockayne, delivered 
hdit presidential address. The scientific papers contributed were so numerous that'four 
BecHons had to be arranged to meet simultaneously — viz., (1) Biology and Agriculture ; 
<2) Geology ; (3) Chemistry, Physios, and Engineering ; (4) General — and on th4 last day 
of the Congress the first Section was separated into two subsections, Biology and Agri- 
culture, in order to deal with the papers contributed. In addition to the meetings of 
the 8e<^on8, three evening meetings, besides the opening ceremony, wm devoted to 
public lectures and were lar^ly attended, while general excursions were made to Lake 
Oo^leridge, the Agricultural Lk)llege, Eiccarton Bush, Dyer’s Pass, Aso*, and sectional 
excursions to places of scientific and industrial interest. The Institute is greatly 
indebted to the Board of Gk>vemors of Canterbury College for the use of the College 
buildings for the meetings, and to numerous Tesidents of Christchurch for the hospitality 
e^nded to visiting members, particularly to^E. F. Stead, Esq., at whose residence a 
most enjoyable garden party was held. The Council fe^ that the success of the 
meetings, and their influence, both in stimulating the scientflo work of the Institute and 
ef. bringing its results prominently before the public, fully compensate for the labour 
involved, and it trusts that similar general meetmgs of the Institute will be held in other 
parts of New Zealand at suitable intervals. 

^ » The Library. — ^The accommodation in the libmiy is now greatly overtaxed, and 
great difficulty is experienced in finding room for new volumes. It has ther^ore been 
peoeesary to make some provision for inoreaaing the accommodation, and represmitations 





ba^ to th^ Bo^ of OavemotB of Cauierbuty €k)5eM . 
boused M ;the Ihiblio Bibrsi^ ib oay eontemj^ted ext6i£sk>n ol ^lat bmbib^^ V ^!l^bis^ 
request baa beeu uiost generoui^y met by l£e Board of GoYemprs. Tbe 
ajdaiog from the war stilTbbider the proper develQpment pf ^e Hb^axy, imd 
books in addition to the journals have been purohased. The work of kMpibg the f 

of the journals up to date is still hindered by the non-arrival of certain Pc^* A nbimm' 
of completed volumes have been bound, however, and ate now on the shelves; 
others ate still at the binders*. The exchan^ copies of publications pf other sode^ee 
now arriving more regularly, and the Hon.Xibranan hM acknowledged during 
the receipt of various books and pamphlets from the Queensland Museum, the Amen^^'v 
Academy dSf Arts and Letters^ the Department of Mines, New Zealand, as well 
Mr. L. P. g 3 rmes and Mr. H. T. Ferrari 

Biccarttm BusA-— The Institute*8 representative on the Board of Trusts ol thb^ 
Blocarton Bush reports that the bush has been carefully attended to duriz^ the 
and is in good conation. Improvements have been made to the paths, additional scuts 
have been provided, and an automatio gas heater, for boiling water has been providei^ 
under an appropriate shelter, for the convenience of visitors. Other improvements wifi 
be made as soon as funds permit, but in the meantime these are only barely sUfficieut 
for the ranger's salary and the necessary upkeep of the bush. The bush continues to be 
largely used by the general public and by botanical students. Dr. 0. Chilton has again 
been elected the Institute's representative on the Board of Trustees. 

Preservation of Sinclair's Grave and of Butler's House, — The Council has for some 
time been negotiating with the owner of “ Mesopotamia," on the upper reaches of the 
Bangitata River, with a view to the permanent preservation of the grave of Dr. Sinclair* 
one of New Zealand's pioneer botanists, and of the cottage formerly occupied by Samuel 
Butler, the celebrated New Zealand author. These negotiations promUe to be successful.' 

Memorial Tablet, — ^With the approval of the Hon. W. Fraser, Minister of Public 
Wprk4 the Council has had a marble slab erected at the Lake Coleridge power-house to 
perpetuate the memory of Hans Christian Oersted, the Danish scientist, who first djs* 
covered the magnetic effect of an electric current, and thereby made possible aU modem 
electrical machinery. This year marks the centenary of his great discovery. 

Tunnel Research Fund, — As these investigations are now complete, and the 
Research Fund is stUl almost intact, the Government has given permission to the Insti- 
tute to retain the balance for research work. The unspent balance of £142 16s. 3d. has 
accordingly been set aside as the basis for a Research Fund. The report of the Tunnel 
Investigation Committee is published in volume 61 of the Transactions of the Hem 
Zealand Institute. ^ s 

Samoan Magnetic Observatory. — Representations have been made by the Council to 
the Hon. the Minister of Marine to arrange for the observations of the Samoan Magnetic 
Observatory to be continued, and the Minister has replied stating that the matter will 
receive his attention. 

Finance. — The balance-sheet shows the total receipts, including the balances from 
the previous year, were £523 16s. 3d. This includes the sum of £83 28. M., special con* 
tributions towards the expenses of the Science Congress, Of the expenditure, £73 148. lid. 
has been expended on the library, including the sum of £10 contributed to the Technical 
Library and £77 9s. 6d. in connection with the Science Congress. ^ The Institute levy of 
£23 2s. 6d. has been paid, and research grants amounting to £60 returned to the New 
Zealand Institute, leaving a balance of £70 2s. Id. to the credit of the Ordinary AccounL 
In connection with the Tunnel Investigation Account £4 I Is. was expended on the 
preparation of the final report, and the balance of £142 16s. 3d. has, with the consent of 
the Minister of Internal Affairs, been transferred to a Research Fund Account* The 
life Members' Subscription Account now stands at £168 IQs. 7d., deposited with tho 
Permanent Investment atid X<ban Association of Canterbury. 


Election of Officers for 1920, — President — Mr. L. P. Symes. Vice- 
PresiderUs — ^Dr. C. Coleridge Farr, Mr. A. M. Wright. Hon. Secretary^ 
Mr. W. Martin, 51 Matai Street, Ricoarton. Hon, Treasurer — ^Dr, Charles 
Chilton. Hon, Librarian — Miss B. M. Herriott Council — Captain G. B. 
Arohey, Mr. J. Drummond, Mr. G. Holford, Dr. F. W. Hilgendorf, Mr, 
M. H. Qodby, Mr. L. J. Wild. Bepresentatives on the Board of Oovemors 
of the New Zealand Institute — Dr. F. W. Hilgendorf, Mr. A. M. Wright, 
Bepresentative on the Board of Trustees of the Biccarton Bush — ^Dr. Charl^ 
Chilton. Hon. Auditor — Mr. J. 0. Jameson. ' 





OTAGO INSTITUTE. 


At the annual meeting (9th December, 1919) the annual ^ott aiid 
audited balance-sheet were adopted. U 

AssTaAor. • 

Seven meetings of the Institute were held. At these meetings the following 
papers were read, and have since been forwarded to the New Zealand Institute fPr 
punlication in the Tranaactiona i B. L. Poppelwell, ^** Notes on the Indigenous 
vegetation of Ben Lomond, with a List of Species,*’ and Notes on the Indigenous 
Vegetation of the North-eastern Portion of the Hokonui Hills, with* a Lu(t of 
Species ” ; Professor J. Park, “ On the Occurrence of Striated Boulders in a Palaeozoic 
Breccia near Taieri Mouth ” ; A. Philpott, ** Notes and Descriptions of New Zealand 
Lepidoptera ” ; Charles E. Clarke, “ New Lepidoptera,” and ** Lepidoptera of 
Auckland and King-country ” ; H. Beattie (communicated by H. D. Skiniier), “ The 
Southern Maoris and Greenstone,” and “ Native Lore of the Southern Maoris V ; 
Dorothy Johnson, B.Sc. (communicated by J, Malcolm), “ Fdod Value of New 
Zealand Fish ” ; M. Winifred Betts, M.Sc., “ Notes on the Autecology of certain Plants 
of the Peridotite Belt, Nelson, Part 1, No. 3,” and “ The Rosette Ptots of Cass.” 

The following addresses were delivered during the session : ” Fifty Years* Science 
Progress in New Zealand ” (presidential address), by the Hon. G. M. Thomson ; 
‘‘Some Recent Theories on the Peopling of the Pacific,” by Mr. H. B. Skinner; 
” Insect-collecting in Australia,” by Mr. W. G. Howes ; “ Revolutionary Socialism,” 
by the Ven. Archdeacon Woodthorpe ; ’‘ Earthquakes, and their Significance,’* by 
ProfessOT W. N. Benson ; “ The Ecbnomics of Power,” by Professor B. B. Waters. 

The speakers at the Jubilee conversazione were the President, Mr. Alex. Bathgate, 
and Sir James Allen. 


Librarian's JRaport . — During the past year the expenditure on the purchase of 
books has been less than usual This is partly owing to the fact that the University 
Is now recognizing the need of adding new zoological knd botanical works to their 
library which is housed in the Museum ; while the establishment of a lectureship in 
ethnology has led that institution to build up a library in this subject. As these 
books are available to members of the Institute, there is the less need of buying books 
of a purely scientific character : hence more money will be available for bining back 
num^rs of periodicals, &c., some of which, for one reason or another, have been 
allowed to accumulate. Thus a good many volumes of Nature should now be bound, 
and so relieve much shelf-room, and a number of volumes of the publications of the 
Indian Geological Surveyr, and other works. 

The subscription to Science Progress has been resumed ; and a new periodical. 
Botanical Ab8tra^,t8f has been added to our list. 

The Museum has received, as usual, a number of reports of various Government 
Departments, as u^ell as publications of museums and universities in various countries. 
These are for the most part of a technical character. 

The University Council has agreed to provide the money for the erection of a new 
set of shelves for the accommodation of the rapidly-increasing collection of ethno- 
graphical works. It is hoped that during the coming year a large lecture-room will be 
erected for the biology class, which will be available for the Institute meetings, so that 
part of the existing lecture-room may be utilized for a needed extension of the library. 

Membership . — ^During the year three members have died and eleven have resigned. 
Six new members were elected, so that the roll now stands at. 158, as compared to 160 
at the end of last year. , ’ 

Balance-sheet . — The year’s transactions show a debit balance of £6 I8s. 7d. This 
is due to some extra non-recurring items of expenditure — ^viz., £10 to University 
Council for installing electric light in the biology lecture-room ; £20 to defray part of 
Br. Tillyard’s tcaveUing-expenses ; and the adcfitional expenditure due to the Jubilee 
celebrations. 


Work of the Council. 


Seven meetings of the Council were held during 1919. In addition to the usual 
routine work of managing the afiairs of the Institute in general, the following items 
of special business were dealt with : — 

Pettowahip of the New Zealand Institute . — ^At the request of the New Zealand 
InsUtute, the Council forwarded a list of eighteen nominations for the election of ten 
original Fellows. Of the eighteen, eight were subsequently elected. 



Mmor^ €han$8,--T^ by 

that a iram of bald been allooatad by Govemmexit for researeb 
tbiee applioationa were aent in ircnn the Otago members, and were i^rwarda a{ftor«%^ 
Of, via,-^l) ,yi^m W. 0, Howea, F.E.S., for £30 to defray etjpenaea connect wA. 
his work on enti^ology to be carried out in oo-opemtion trith j>t. 'nUyardr of Sy^ 

(2) from G. S. lliomaon, 3.So., for £50 for expense oonnected with the ^ndy bf ^ 
oompoaition of ** whale-feed ; (3) from Ero^iaor J. Malcolm, for £250 fOr a ] 
into the food ralue and composition of Ne# Zealand dahes. • , , 

Dr. TiUyard^a VisU, — ^Towards the end of last year this Institute, at the suggestioiif;' 
of the Council, invited Pr,‘ Tillyard, of Sydney, to visit this part of New Zealand tor: 
investigate some of the local entomolo^ Owing to shipiung dif&cultieB ^e viidb^ 
had to be postponed tiU this year, andHPr. Till 3 rard is now. in the Dominion. 1!he j 
Council has set aside the sum of £20 to debray part of the cost of his visit.. 

Jubilee of the InatihUe, — ^The celebration of the Jubilee took the form of a oonver- < 
sazione in the University. Invitations were sent to the other affiliated societies and to ; 
the other scientific bodies in New Zealand and Australia, as well as to prominent men in 
the Dominion. A large number of oongratulato^ letters were received. The Counbh 
begs to express its thanks to the University Council for granting the use of their 
buildings and apparatus on this occasion. 


Election of Officers for 1920. — President — Dr. K. V. Fulton. . Ftce- 
Presidents — Hon. G. M. Thomson, F.L.S., F.N.ZJnst., M.L.C., and W. G. 
Howes, F.E.S. Hon. Secretary — Professor W. N. Benson, B.A., D.Sc., F.G.S, 
Hon. Treasurer — H. Brasch. Hon. Librarian — Professor W. B. Benham, 
M.A., D.Sc., F.R.S. Council — Professor W. B. Benham, M.A., D.Sc., F.R.S. ; ^ 
Professor R. Jack, D.Sc. ; Professor J. Park, F.G.S. ; Professor J. Malcolm, 
M.D. ; Messrs. H. Mandeno, H. D. Skinner, B.A., and G. S. Thomson, B.Sc, 


TECHNOLOGICAL BRANCH. 

At the commencement of the session the committee of this Branch decided not 
to attempt a syllabus. 

The members were convened for the annual and .only meeting on the occasion of 
a lecture by the Chairman of the Branch (Professor Waters) before the parent Institute, 
on the 14th October, 1919. The annual meeting was not well supported, and was 
adjourned till next year. 


ASTRONOMICAL BRANCH. 

The annual meeting, on the 9th December, was the only meeting held, Mr. R. 
Gilkison, Chairman of the Branch, in the chair. The Branch is looking forward to a 
reawakening of interest in its specjal subject now that the war is over, and the 
following office-bearers for 1920"^ were elected: Chairman, Mr. R. Gilkison; Vice- 
Chairmen — Professor Jack, Professor Park, and Professor White ; Committee — Rev. 
D. Dutton, F.R.A.S., Dr. P. D. Cameron, Messrs. H. Brasch and C. Prye ; Hon^ 
Secrctary'^'Mr. J. C. Begg. 


MANAWATU PHILOSOPHICAL ' SOCIETY. 


Ten meetings of the Council and nine general meetings were held, at 
which the following papers were read : Dr. E. C. Barnett, “ Medical 
Experiences at the Front”; Mr, Black, Curator of Borough Reserves, 

“ Noxious Weeds ; J. W. Poynton, S.M., Radium” ; W. R. Mummery, 
F.LC., “The Action of Collosok in relation to Bacteriology”; W* E. 
BendaJl, “ Kapiti as a Reserve for Native Elora and Fauna ” ; Miss Ironside, ' 



|£.A.« The Bvolutiont of the EngHsh Drama Professoi: llasteA 
14.A., Ph.D., P.N.Z.Iiiat., Explcfsives ; EeV. H. G, Blackbume, M.4^, 
Bn^h Cathedrals ’’ ; R. Edwards, C.B., “ The Land we^ live in ” ; 
E. H. F. Grace, “ Are other Worlds than ours inhabited ? ” 

At the annual meeting (21st November, 1919) the annual report and 
Audited balance sheet were adopted. 

ABSTEAqy, 

During the year the society has had to lament the loss of five of its members by 
death-^Messrs. J. E. Vernon, M, A ; R. Gardner ; D. Buiok, M.P. ; S. Greer ; and 
J, Robertson. Three membera have left the district — ^Messrs Bamiooat, Smclair, and 
Gr Seifert — the two former, however, still retaining their membership. One member. 
Dr. Bett, has rStumed from active service. On the other hand, in consequence of 
a oonvass undertaken by the President, Secretary, and Messrs H; Seifert and Park, 
and confined as yet chiefiy to the Square and Bangitil^i Street, nine who had resigned 
have renewed their membendi4>, and thirty-five new members have been elected. 
This is so far satisfactory; but it is not enough. If the society is adequately to 
discharge its functions the members must not be content with pa 3 dng their subscriptions, 
but inust ^ke an active interest in its proceedings. The attend^ce of members at 
the ^nerai meetings continues to be very poor. 

The Curator reports that during the year thirty exhibits have been added to the 
Museum, and sixteen books, * together with a number of pamphlets and journals, to 
the library ; and that the average daily attenddhee has been thirty-One. 

A very generous offer was made by Mr. Robert to iMid to the Museum for from 
seven to ten years the whole of his valuable collection of animals, birds, weapons, shells, 
coins, books, and other curios, nearly equalling in number our present collection. 
This offer might probably 'have resulted in a permanent transfer to the Museum ; but 
your Council were compelled very reluctantly to decline the offer on account of their 
total inability to house the exhibits, as the Borough Council, to whom the matter was 
referred, had regretfully expressed their inability at present to provide increased 
accommodation, and the society had no funds for the purpose. 

Mr. W. E. Bendall, in the unavoidable absence of the President, represented the 
society in an expedition made with Professor Kirk, at the request of the Institute, 
to examine the capabilities of the Island of Kapiti as a reserve for the preservation 
of the native fauna and flora, and on his return wrote a. valuable report, which was 
read before the society. 

The Council was also represented by Mr. Park at a meeting in Wellington of 
representatives of the bodies interested, and on a subsequent deputation to the 
Minister in Charge of the Tourist Department to urge upon the Government the need 
of improving the Tongariro National Park by extending its boundaiies, by making 
roads, and by erecting huts for the accommodation of visitors. The deputation 
was very sympathetically received by the Minister, who seemed to recognize fully the 
need for the suggested improvements, and promised to use his influence to have them 
carried out as far as the funds at the disposal of the Government would allow. It 
will be well for your incoming Council to keep this matter in view, and, if necessary, 
to bring renewed pressure on the Government. 

The decision of the New Zealand Institute to hold a biennial meeting for the reading 
and discussion of papers, a plan which was so successfully inaugurated in January 
last at Christchurch, has opened a prospect of greatly extended usefulness for the 
Institute and all its branches. On the motion of your 'President, your Council sent 
a formal in^tation to the Institute to hold its next meeting at Palmerston North. 
The invitation was Siccepted, and the meeting will be held in Palmerston' in January 
or February, 1921. It is to be hoped that every member of ouf local society will 
consider himself personally concerned in ensuring i>he triumphant success of that 
meeting. 

Election of Officers for 1920 , — President — J. Murray, M.A. Vice- 
Presidentship, A. Eliott, H. Seifert. Officer in Charge of the Observatory — 
R. H. E. Grace Secretary and Treasurer — K. Wilson, M.A. Council-^ 
Dr. Bett, M B., Cb.B., M.R.C.S., M.R.C.P. ; C. N. Clausen ; J. A. Colqi^oun, 
M.Sc. ; R. Edwards, C.E. j J. B. Qerrand ; E. Larcomb, C E. ; Wi R, 
Mummeiy, P.I.C. ; W. Park, F.H.8. ; Ci T. Salmon ; A. Whitaker. 
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ZEALAND INSTITUTE 

1908, 1 ^ 0 . 180. 


ACT, 1908. 



An Act' to consolidate certain Enactments of the General Assembijrl 
relating to the New Zealand Institute. ' 3 


Be it enacted by the General Assembly of New Zealand in Parliament ^ 
assembled, and by the authority of the same, as follows 

1. (1.) The Short Title of this Act/ is the New Zealand Institute 
Act, 1908. 

(2.) This Act is a consolidation of the enactments mentioned in the" 
Schedule hereto, and with respect to those enactments the following pro*^ 
visions shall apply \ 

(a.) The Institute and Board respectively constituted under those 
enactments, and subsisting on the coming into operation of* this 
Act, shall be deemed to be the same Institute and Board respec^ 
tively constituted under this Act without any change of consti* 
tution or corporate entity or otherwise ; and the members 
thereof in office on the coming into operation of this Act shall 
continue in office until their successors under this Act come into 
office. • 

(6.) All Orders in Council, regulations, appointments, societies incor- 
porated with the institute, and generally all acts of authority 
which originated under the said enactments or any enactment 
' thereby repealed, and are subsisting or in force on the coming 
. into operation of this Act, shall enure for the purposes of this 
Act as fully and effectually as if they had originated under the 
corresponding provisions of this Act, and accordingly shall, 
where necessary, be deemed to have so originated. 

(c.) All property vested in the Board constituted as aforesaid shall 
be deemed to be vested in the Board established and recognized 
by this Act. 

(d.) All matters and proceedings commenced under the said enact- 
ments, and pending or in progress on the coming into opera- 
tion of this Act, may be continued, completed, and enforced 
under this Act. 

2. (l.j The body now known as the New Zealand Institute (herein- 
after referred to as the Institute*') shall consist of the Auckland Insti^^ 
tute, the Wellington Philosophical Society, the Philosophical Institute 
of Canterbury, the Otago Institute, the Hawke’s Bay Philosophical 
Institute, the Nelson Institute, the Westland Institute, the Southland, 
Institute, and such others as heretofore, have been or may hereafter be 
incorporated therewith in accordance with regulations heretofore made 
or hereafter to b6 made by the Board of Governors. 

(2.) Members of the above-named incorporated societies shall be ip$o 
facto members of the Institute. 

8. The control and management of the Institute shall be vested in a 
Board of Governors (hereinafter referred to as “ the Board ’*), constituted 
as follows : — 

The Governor: 

The Minister of Internal Affairs : 

.Four members to be appointed by the Governor in Council, of 
whom , two shall ^ appointed during the month of December 
, in every year : ^ 



Two iQaembers to be appointed W each of tbe inoorrorated Booietiee - 
at Auckland, Wellington, Ghristehurch, and' T)unedin during 
the-month of December in each alternate year; and the next 
year in which such an appointment shall be made is &e. 
year one thousand nine hundred and nine : 

One member to be appointed by each of the other incorporated 
societies daring the month of f)ecetnber in each edternate 
year; and the next year in which such an appointment shall 
be made is the year one thousand nine hundred and nine. 

4. (1.) Of the members appointed by the Governor in Council, the 

two members longest in ofdce without reappointment shall retire annually 
on the appointment of their successors. # 

(2.) Subject to the last preceding subsection, the appointed members 
of the Board shall hold office until the appointment of tneir successors. 

5. The Board shall be a body corporate by the name of the “ New 
Zealand Institute/’ and by that name shall have perpetual succession 
and a common seal, and may sue and be sued, and shall have power and 
authority to take, purchase, and hold lands for the purposes hereinafter 
mentioned. 

6. (1.) The Board shall have power to appoint a fit person, to be 

known as the “ President,” to superintend and carry out all necessary 
work in ' connection with the affairs of the Institute, and to provide him 
with such furtljier assistance as may be required. \ 

(2.) The Board shall also appoint the President or some other fit 
person to be editor of the Transactions of the Institute, and may appoint 
a committee to assist him in the work of editing the same. 

(3.) The Board shall have power from time to time to make regu- 
lations under which societies may become incorporated with the 
Institute, and to declare that any incorporated society shall cease to be 
incorporated if such regulations are not complied with ; and such regu- 
lations on being published in the Gazette shall have the force of law. 

(4.) The Board may receive any grants, bequests, or gifts of books 
or specimens of any kind whatsoever for the use of the Institute, and 
dispose of them as it thinks fit. 

(5.) The Board shall* have control of the property from time to time 
vested in it ^ or acquired by it ; and shall make regulations for the ’ 
management of the same, and for the encouragement of research by the 
members of the Institute ; and in all matters, specified or unspecified, 
shall have power to act for and on behalf of the Institute. 

7. (1.) Any caeual vacancy in the Board, howsoever caused,, shall be 
filled within three months by the society or authority that appointed 
the member whose place has become vacant, and if not filled within that 
time the vacancy shall be filled by the Board. ^ 

(2.) Any person appointed to fill a casual vacancy^ shall only hold 
office for such period as his ^edecessor would have held office under 
this Act. < 

8. (1.) Annual meetings of the Board shall be held in the month of 
January in each year, thh date and place of such annual meeting to be 
fixed at the previous annual meeting. 

(2.) The Board may meet during the year at such other times and 
places as it deems necessary. 

(8.) At each annual meeting the President shall present to the 
meeting a report of the work of the Institute for the year preceding, and 
ab balance-sheet, duly audited, of all sums received and paid on behalf 
of the Institute^ , 





, ; 9, r^e Boa^ may f rata 4iime to time., 4s it sees fit^v j^ 
ments for the holding of generar meetings of members df the ^ 

at times and places to be 'arranged, for the reading of scientific 
the delivery of lectures, and for the general promotion of science in 
Zealand by any means that may appear desirable. , / 

10. 1?he Minister of Finance shall from time to time, vrithout furihei? 

appropriation than this Act, pay to the Board the sum of five hundw^: 
pounds in each financial year, to be applied in or towards payment of tl^; 
general current expenses of the Institute. ? 

11. Forthwith upon the making of any regulaiions or the publica-^ 
tion of any Transactions, the Board shall transmit a copy thereof to the; 
Minister of Internal Affairs, who shall lay the same before Parliament if 
sitting, of if not, then within twenty days, after the commencement of the 
next ensuing session thereof. 


SoHEDubs. 

EnOiCtments consolidated. 


1903, No. 48. — The New Zealand Institute Act, 1903. 


4 . 


REGULATIONS. 

The following are the regulations of the New Zealand Institute under 
the Act of 1903 : — * 

The word ‘‘Institute” used in the following regulations means the 
New Zealand Institute as constituted by the New Zealand Institute 
Act. 1903. 

Inoobporation op Sooibtibb. 

. 1. No society shall be incorporated with the Institute under the pro- 
visions of the New Zealand Institute Act, 1903. unless such society s^l 
consist of not less than twenty-five members, subscribing in the aggregate 
a sum of not less than £25 sterling annually for the promotion of ar^ 
science, or such other branch of knowledge fo^ which it is associated, to 
be from time to time certified to the satisfaction of the Board of Governors 
of the Institutb by the President for the time being of tne society. 

2. Any society incorporated as aforesaief shall cease to be incorporated 
with the Institute in case the number of the .members of the said society 
shall at any time become less than twenty-five, or the amount of money 
annually subscribed by such members shall at any time be le$B 
chan £25. 

3. The by-laws of every society to be incorporated as aforesaid shall 

provide for the expenditure of not less than one- third of the annui^ 
revenue in or towards the formation or support of some local publie 
museum or library, or otherwise shall provide for the contribution of nt>|; 
less than one-sixth of its said revenue towards the extension and main- 
tenance of the New^ Zealand Institute. ^ ^ 

4. Any society incorporated as aforesaid which shall in any one year 
fail to expend the proportion of revenue specified in Regulation No. 
aforesaid in nianner provided shall from henceforth cease to be incor- 
porated with the Institute. ’ 


* KSw Zeati^nd oimUet l4Sih July^ 1904. 
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PUBIiIOATIONS. 

5. All papers read before any society for the time being incorporated 
with the Institute shall be deemed to be communications to the Insti- 
tute, and then may be published as Proceedings or Transactions of the 
Institute, subject to the following regulations of the Board of the Institute 
regarding publications : — 

(a.) The publications of the Institute shall consist of — 

, (1.) A current abstract of the proceedings of the societies 
for the time being incorporated with the Institute, to be 
intituled “ Proceedings of the New Zealand Institute ” ; 

(2.) And of transactions comprising papers read before the 
incorporated societies (subject, however, to selection as herein- 
after mentioned), and of s.uch other matter as the Board of 
Governors shall from time to time determine to publish, to 
be intituled Transactions of the New Zealand Institute.” 

(6.) The Board of Governors shall determine what papers are to be 
published. 

(c.) Papers not recommended for publication may be returned to their 
authors if so desired. 

(d.) All papers sent in for publication must be legibly written, type- 
written, or printed. 

(e.) A proportional contribution may be required from each society 
towards the cost of publishing Proceedings and Transactions 
of the Institute, 

(/.) Each incorporated society will be entitled to receive a propor- 
tional number of copies of the Transactions and Proceedings 
of the New Zealand Institute, to be from time to time fixed 
by the Board of Governors. 

Management of the Propebty of the Institute. 

6. All property accumulated by or with funds derived from incor- 
porated societies, and placed in charge of Xhe Institute, shall be vested 
in the Institute, and be used and applied at the discretion of the Board of 
Governors for public advantage, in like manner with any other of the 
property of the Institute, * 

7. All donations by societies, public Departments, or private indi- 
viduals to the Institute shaM be acknowledged by a printed form of 
receipt and shall be entered in the books of the Institute provided for 
that purpose, and shall then be dealt with as the Board of Governors may 
direct. 

Honorary Members. 

8. The Board of Governors shall .have power to elect honorary 
members (being persons not residing in the Colony of New Zealand), pro- 
vided that the total number of honorary members shall not exceed 
thirty. * 

9. In case of a vacancy in the list of honorary members, each incor- 
porated society, after intimation from the Secretary of the Institute, may 
nominate for election as honorary member one person. 

10. The names, descriptions, and addresses of persons so nominated, 
together with the grounds on which their election as honorary membera- 
is recommended, shall be forthwith forwarded to the President of the 
NeW' Zealand Institute, ‘and shall by him be submitted to the Governors 
at the next succeeding meeting. 
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Gbnebai/ Ebgudations. 

11. Subject to the New Zealand Institute Act, 1908, and to the 
foregoing rules, all societies incorporated with the ' Institute shall be 
entitled to retain or alter their ,own form of constitution and the by-laws 
for their own management, and shall conduct their own affairs. 

12. Upon application signed by the Preside.nt and countersigned by the 
Secretary of atjy society, accompanied by the certificate required under 
Begulation No. 1, a certificate of incorporation will be granted under 
the seal of the Institute, and will remain in force as long as the fore- 
going regulations of the Institute are complied with by the scysiety. 

13. In, voting on any subject the President is to have a deliberate as 
well as a casting vote. 

14. The President may at any time call a meeting of the Board, and 
shall do so on the requisition in writing of four Governors. 

15. Twenty-one days’ notice of every meeting of the Board shall be 
given by posting the same to each Governor at an address furnished by 
him to the Secretary. 

16. In case of a vacancy in the office of President, a meeting of 
the Board shall be called by the Secretary within twenty-one days to 
elect a new President. 

17. The Governors for the time being resident or present in Wellington 
shall be a Standing Committee for the purpose of transacting urgent 
business and assisting tbe officers. 

18. The Standing Committee may appoint persons to perform the 
duties of any other office which may become vacant. Any such appoint- 
ment shall hold good until the next meeting of the Board, when the 
vacancy shall be filled. 

19. The foregoing regulations may be altered or amended at any 
annual meeting, provided that notice be given in writing to the Secretary 
of the Institute not later than the 30th November. ^ 

The following additional regulations, and amendment to regulations, 
were adopted at a general meeting of the Board of Governors of the New 
Zealand Institute, held at Wellington on the 30th January, 1918, and at 
Christchurch on the 3rd February, 1919. (See New Zealajid Gazette^ 
No. 110, 4th September, 1919.) 

\ 

Regulations governing the Fellowship of the Institute. 

20. The Fellowship of the New Zealand Institute shall be an honorary 
distinction for the life of the holder. 

21. The Original Fellows shall be twenty in number, and shall include 
the past Presidents and the Hutton and Hector Medallists who have held 
their distinctions and positions prior to 3rd February, 1919, and who at 
that date are members of the Institute. The remaining Original Fellows 
shall be nominated as provided for in Regulation 26 (a), and shall be 
elected by the said past Presidents and Hector and Hutton Medallists. 

22. The total number of Fellows at any time shall not be more than 
forty. 

23. After the appointment and election of the Original Fellows, as pro- 

vided in Regulation 21, not more than four Fellows shall be elected in any 
one year. ^ 

24. The Fellowship shall be given for research or distinction in science. 
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25. No person shall be elected as Fellow unless he is a British subject 
and has been a member of one of the incorporfcited societies for three years 
immediately preceding his election. 

26. After the appointment and election of the Original Fellows as pro* 
vided in Regulation 21 there shall be held an annual election of Fellows 
at such time as the Board of Governors shall appoint.' Such election shall 
be determined as follows : — 

(a,) Each of the incorporated societies at Auckland, Wellington, Christ- 
church, and Dunedin may nominate not more than twice as 
many persons as there are vacancies, and each of the other 
incorporated societies may nominate as many persons as there 
are vacancies. Each nomination must be accompanied by a 
statement of the qualifications of the candidate for Fellowship. 

(6.) Out of the persons so nominated the Fellows resident in New Zea- 
land shall select twice as many persons as there are vacancies, if 
so many be nominated. 

(c.) The names of the nominees shall be submitted to thrf Fellows at 
least six months, and the names selected by them submitted 
to the Governors at least three months, before the date fixed 
for the annual meeting of the Board of Governors at wliich the 
election is to take place. 

(d.) The election shall be made by the Board of Governors at the annual 
meeting from the persons selected by the Fellows. 

(e.) The methods of selection in subclause (b) and of election in sub- 
clause (d) shall be determined by the Board of Governors. 

(/.) The ofiicial abbreviation of the title “ Fellow of the New Zealand 
Institute ” shall be “ F.N.Z.Inst.” 

Amendment to Regulations. 

Regulation 5 (a) ^f the regulations publish(‘d in the NeU^ Zealand Gazette 
of the 14:th July, 1904, is hereby amended to read : — 

“ (a.) The publications of the Institute shall consist of — 

“ (1.) Such current abstract of the proceedings of the societies 
for the time being incorporated with the Institute as the Board 
of Governors deems desirable ; 

“ (2.) And of transactions comprising papers read before the 
incorporated societies or any general meeting of the New Zealand 
Institute (subject, however, to selection as hereinafter mentioned), 
and of such other matter as the Board of Governors shall from 
time to time for special reasons in each case determine to publish, 
to be intituled Transactions of the New Zealand Institute.'' 
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THE HUTTON MBMOBIAL MEDAL AND BE8EABOH FUND. 

Declaration op Trust. 

This deed, made the fifteenth day of February, one thousand nine hundred 
and nine (1909), between the New Zealand Institute of the one part, and 
the Public Trustee of the other part : Whereas the New Zealand Institute 
is possessed of a fund consisting now of the sum of five hundred and fifty- 
five pounds one shilling (£555 Is.), held for the purposes of the Hutton 
Memorial Medal and Eesearch Fund on the terms of the rules and regu- 
lations made by the Governors of the said Institute, a copy whereof is 
hereto annexed : And whereas the said money has been transferred to the . 
Public Trustee for the purposes of investment, and the Public Trustee 
pow holds the same for such purposes, and it is expedient to declare the 
trusts upon which the same is held by the Public Trustee : 

Now this deed witnesseth that the Public Trustee shall hold the said 
moneys and all other moneys which shall be handed to him by the said 
Governors for the same purposes upon trust from time to time to invest 
the same upon such securities as are lawful for the Public Trustee to 
invest on, and to hold the principal and income thereof for the purposes 
set out in the said rules hereto attached. 

And it is hereby declared that it shall be lawful for the Public Trustee 
to pay all or any of the said moneys, both principal and interest, to the 
Treasurer of the said New Zealand Institute upon being directed so to do 
by a resolution of the Governors of the said Institute, and a letter signed 
by the Secretary of the said Institute enclosing a copy of such resolution 
certified by him and by the President as correct shall be sufficient 
evidence to the Public Trustee of the due passing of such resolution : 
And upon receipt of such letter and copy the receipt of the Treasurer for 
the time being of the said Institute shall be a sufficient discharge to the 
Public Trustee : And in no case shall the Public Trustee be concerned to 
inquire into the administration of the said moneys by the Governors of 
the said Institute. ^ 

As witness the seals of the said parties hereto, the day and year 
hereinbefore written. 

Resolutions of Board of Governors. 

Resolved by the Board of Governors of the New Zealand Institute 
that; — . 

1. The funds placed in the Hands of the Board by the committee of 
subscribers to the Hutton Memorial Fund be called The Hutton 
Memorial Reseajrch Fund,’" in memory of the late Captain Frederick 
Wollaston Hutton, F.R.S. Such fund shall consist of the moneys subr 
scribed and granted for*the purpose of the Hutton Memorial, and all 
other funds which may be given or Ranted for the same purpose. 

2. The funds shall be vested in the Institute. The Board of 
Governors of the Institute shall have the control of the said moneys, 
and may invest the same upon any securities proper for trust-moneys, 

3. A sum not exceeding £100 shall be expended in procuring a bronze 
medal to be known as ** The Hutton Memorial Medal.** 
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4. The fund, or auch part thereof as shall not be used' as aforesaid, 
shall be invested in such securities as aforesaid as may be approved of by 
the Board of Governors, and the interest arising from such investment 
shall be used for the furtherance of the objects of the fund. 

5. The Hutton Memorial Medal shall be awarded from time to time 
by the Board of Governors, in accordance with these regulations, to 
persons who have made some noticeable contribution in connection with 
the zoology, botany, or geology of New Zealand. 

6. The Board shall make regulations setting out the manner in which 
the funds shall be administered. Such regulations shall conform to the 
terms of the trust. 

7. The Board of Governors may, in the manner prescribed in the 
regulations, make grants from time to time from, the accrued interest to 
persons or committees who require assistance in prosecuting researches 
in the zoology, botany, or geology of New Zealand. 

8. There shall be published annually in the “ Transactions of the 
New Zealand Institute ** the regulations adopted by the Board as afore- 
said, a list of the recipients of the Hutton Memorial Medal, a list of the 
persons to whom grants have been made during the previous year, and 
also, where possible, an abstract of researches made by them. 


Regulations under which the Hutton Memorial Medal shall be 
awarded and the Research Fund administered. 

1. Unless in exceptional circumstances, the Hutton Memorial Medal 
shall be awarded not oftener than once in every three years ; and in no 
case shall any medal be awarded unless, in the opinion of the Board, 
some contribution really deserving of the honour has been made. 

2. The medal shall not be awarded for any research published previous 
to the 31st December, 1906. 

3. The research for which the medal is awarded must have a distinct 
bearing on New Zealand zoology, botany, or geology. 

4. The medal shall be awarded only to those who have received the 
greater part of their education in New Zealand or who have resided in 

►New Zealand for not less than ten years. 

5. Whenever possible, the 'medal shall be presented in some public 
manner. 

6. The Board of Governors may, at an annual meeting, make grants 
from the accrued interest of the fund to any person, society, or commit- 
.tee for the encouragement of research in New Zealand zoology, botany, 
or geology: 

7. Applications for such grants shall be made to the Board before the 
30th September. 

8. In making such grants the Board of Governors shall give preference 
to such persons as are defined in regulation .4. 

9. The recipients of such grants shall report to the Board before the 
31st December in the year following, showing .in a general way how the 
grant has been expended and what progress has been made with the 
research. 

.10. The results of researches aided by grants from the fund shall, 
where possible, be published in New Zealand. 

11. The Board of Governors may from time to time amend or alter 
the regulations, such amendments or alterations being in all cases in con- 
foirmity with resolutions 1 to 4. 
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1911. Professor W. B. Benham, D.Sc., F.E.S., Dniversity of Otago^ 
For researohes in New Zealand zoology. ^ 

1914. Dr. L. Cockayne, F.L.S., P.E.S. — For researches on $he 
ecology of New Zealand plants. 

1917. Professor P. Marshall, M.A., D.Sc. — ^For researches in New 
Zealand geology. 

1920. Eev. John E. Holloway, D.Sc. — For researches in New Zealand 
pteridophytic botany. 

\ 

Grant from the Hutton Memorial Esse arch Fund. 

1919. Miss M. K. Mestayer — £10, for work on the New Zealand 
Mollusca. 


HECTOE MEMORIAL RESEARCH FUND. 

Decraration op Trust. 

This deed, made the thirty-first day of July, one thousand nine hundred 
and fourteen, between the New Zealand Institute, a body corporate 
duly incorporafed by the New Zealand Institute Act, 1908, of the one 
part, and the Public Trustee of the other part : Whereas by a declara- 
tion of trust dated the twenty-seventh day of January, one thousand 
nine hundred and twelve, after reciting that the New Zealand Institute 
was possessed of a fund consisting of the sum of £1,045 10s. 2d., held 
for the purposes of the Hector Memorial Research Fund on the terms of 
the rules and regulations therein mentioned, which said moneys had been 
handed to the Public Trustee for investment, it was declared {inter alia) 
that the Public Trustee should hold the said moneys and all other moneys 
which should be handed to him by the said Governors of the Institute 
for the same purpose upon trust from time to time, to invest the same 
in the common fund of the Public Trust Office, and to hold the principal 
and income thereof for the purposes set out in the said rules and regula- 
tions in the said deed set forth : And w^hereas the said rules and regu-. 
lations have been amended by the Governors of the New Zealand Institute, 
and as amended are hereinafter set forth : And whereas it is expedient 
to declare that the said moneys are held by the Public Trustee upon the 
trusts declared by the said deed of trust and for the purposes set forth 
in the said rules and regulations as amended as aforesaid : 

And it is hereby declared that it shall be lawful for the Public 
Trustee shall hold the said moneys and all other moneys w^hich shall be 
handed to him by the said Governors for the same purpose upon trust 
from time to time to invest the rame in the common fund of the Public 
Trust Office, and to hold the principal and income thereof for the pur- 
poses set out in the said rules and regulations hereinafter set forth : 

And it is hereby declared that it shall be lawful for the Public 
Trustee to pay, and he shall pay, all or any of the said moneys, both 
principal and interest, to the Treasurer of the said New Zealand Insti- 
tute upon being directed to do so by a resolution of the Governors of 
the said Institute, and a letter signed by the Secretary of the said Insti- 
tute enclosing a copy of such resolution certified by him and by the 
President as correct shall be sufficient evidence to the Public Trustee 
of the due passing of such resolution : And upon receipt of such letter 
and copy the receipt of the Treasurer for the time being of the said 
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Itistitute shall be a suihoient discharge to the Public Trustee: And in 
no case shall the Public Trustee be concerned to inquire into the adminis- 
tration of the said moneys by the Governors of the said Institute. 

As witness the seals of the said parties hereto, the day and year first 
hereinbefore written. 


liules and Regulations made by the Governors of the New Zealand 
Institute in relation to the Hector Memorial Research Fund, 

1. The funds placed in ‘the hands of the Board by the Wellington 
Hector Memorial Committee be called “ The Hector Memorial Research 
Fund,’* in memory of the late Sir James Hector, K.C.M.G., P.R.S. 
Ihe object of such fund shall be the encouragement of scientific research 
in New Zealand, and such fund shall consist of the moneys subscribed 
and granted for the purpose of the memorial and all oth^r funds which 
may be given or granted for the same purpose. 

2. The funds shall be vested in the Institute. The Board of Go- 
vernors of the Institute shall have the control of the said money8,iiand 
may invest the same upon any securities proper for trust-moneys. 

3. A sum not exceeding one hundred pounds (£100) shall be expended 
in procuring a bronze medal, to be known as the Hector Memorial Medal. 

4. The fund, or such part thereof as shall not be used as aforesaid, 
shall be invested in such securities as may be approved by the Board 
of Governors, and the interest arising from such investment shall be 
used for the furtherance of the objects of the fund by providing thereout 
a prize for the encouragement of such scientific research in New Zealand 
of , such/ amount as the Board of Governors shall from time to time 
determine. 

5. The Hector Memorial Medal and Prize shall be awarded annually 
by the Board of Governors. 

6. The prize and medal shall be awarded by rotation for the follow- 
ing subjects, namely — (1) Botany, (2) chemistry, (3) ethnology, (4) geo- 

(5^ physics (including mathematics and astronomy), (6) zoology 
(including animal physiology). 

In each year the medals and prize shall be awarded to that investi- 
gator who, working within the Dominion of New Zealand, shall in the 
opinion of the Board of Governors have done most towards the advance- 
ment of that branch of science to which the medal and prize are in such 
year allotted. 

7. Whenever possible the medal shall be presented in some public 
manner. 


Award of the Hector Memorial Research Fund. 

1912. L. Cockayne, Ph.D., F.L.S., F.R.S. — For researches in New 

Zealand botany. 

1913. T. H. Easterfield, M.A., Ph.D. — For researches in chemistry. 

1914. Elsdon Best— For researches in New Zealand ethnology. 

1915. P. Marshall, M.A., D.Sc., F.Q.S. — For researches in New 

Zealand geology. 

1916. Sir Ernest Rutherford, F.R.S.— For researches in physics. 

1917. Charles Chilton, M.A., D.Sc.,F.L.S.,C.M.Z.S. — For researches 

in zoology. 

1918. T. F. Cheeseman, F.L.S., F.Z.S. — For researches in New 

Zealand systematic botany. 

1919. P. W. Robertson — For researches in chemistry. 

1920. S. Percy Smith — For researches in New Zealand ethnology. 
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REGULATIONS FOR ADMINISTERING TM GOVERNMENT 
RESEARCH GRANT.* 

All grants shall be subject to the following , conditions, and each granj^e 
shall, be duly informed of these conditions : — 

1. All instruments, specimens, objects, or materials of permanent value, 

whether purchased or obtained out of or by means of the grant, or supplied 
from among those at the disposal of the Institute, are to be regarded, Unless 
the Research Grants Comihittee decide otherwise, as the property of the 
Institute^ and are to be returned by the grantee, for disposal according to 
the orders of the committee, at the conclusion of his research, or at such 
other time as the committee may determine. • 

2. Every one receiving a grant shah furnish to the Research Grants 
Committee, on or before the 1st January following upon the allotment of 
the grant, a report (or, if the object of the grant be not attained, aU in- 
terim report, to be renewed at the same date in each subsequent year until 
a final report can be furnished or the committee dispense with further 
reports) containing {a) a brief statement showing the results arrived at 
or the stage which the inquiry has reached ; (6) a general statement of the 
expenditure incurred, accompanied, as far as is possible, with vouchers; 
(c) a list of the instruments, specimens, objects, or materials purchased or 
obtained out of the grant, or supplied by the committee, which are at 
present in his possession ; and (d) references to any transactions, journals, 
or other publications in which results of the research have been printed. 
In the event of the grantee failing to send in within three months of 
the said 1st January a report satisfactory to the committee he may be 
required, on resolution, of the Board of Governors, to return the whole of 
the sum allotted to him. 

3. Where a grant is made to two or more persons acting as a committee 
for the purpose of carrying out some research, one member of the said 
committee shall assume the responsibility of furnishing the report and 
receiving and disbursing the money. 

4. Papers in which results are published that have been obtained 
through aid furnished by the Government grant should contain an acknow- 
ledgment of that fact. 

5. Every grantee shall, before any of the grant is paid to him, be 
required to sign an engagement that he is prepared to carry opt the general 
conditions applicable to all grants, as well as any conditions which may 
fie attached to his ))articular grant. 

6. In cases where specimens or preparations of permanent value are 
obtained through a grant the committee shall, as far as possible, direct that 
such specimens shall be deposited in a museum or University college within 
the province where the specimens or material were obtain^, or in which 
the grantee has worked. The acknowledgment of the receipt of the speci- 
mens by such institution shall fully satisfy the claims of the Institute. 

7. In cases where, after completion of a research, the committee directs 
that any instrument or apparatus obtained by means of the grant shall be 
deposited in an institution of higher learning, such deposit shall be subject 
to an annual report from the institution in question as to the condition of 
the instrument or apparatus, and gs to the use that has been made of it. 


♦ In addition to these regulations the Standing Committee is also bound by certain 
resolutions which appear on page 536 of volume 49, Trans, N.Z, Inst,, and which grantees 
are also bound to observe. 



R«sbaboh Gbaijts fbom Vote (£2,000) dumno Year endinO 31st March, 

1920. 

Through the Philosophical Institute of Canterbury : — 

Mr, Guy Brittin, £100 for research in fruit-tree diseases. 

Professor C. Coleridge Farr, £100 and £30 for experiments on the 
porosity of insulators, 

Mr. W. G. Morrison, £70 to £100 for research in the natural regeneration 
of exotic and indigenous forest-trees in connection with natural 
afforestation of high country. 

Mr. R. Speight, £225 for a geological survey of Malvern Hills. * 

Professor W. P. Evans, £200 for research on New Zealand brown coals. 

Through the Otago Institute : — 

Professor J. Malcolm, £250 and £25 for a research on New Zealand fishes. 

Mr. G. S. Thomson and the Hon. G. M. Thomson, £50 for a research 
into the economic value of whale -feed. 

Mr. W. G. Howes, £30 for research work on Neuroptera. 

Through the Auckland Institute : — ♦ , 

Messrs. Lancaster and Comes, £50 for forestry research. 

Through the Wellington Philosophical Society ; — 

Dr. C. B. Adams, £35 for astronomical research. 

Dr. C. E. Adams, £150 for research in connection with astronomical 
sites. 

Professor T. H. Basterfield, £250 for investigation on mineral oils, waxes, 
and resins. 

Dr. J. Allan Thomson, £100 for a research into the chemical characters 
of igneous rocks. 

Professor E. Marsden, £125 for research on the disintegration effect of 
a particles on matter, and £60 for research on gas and electricity 
for domestic purposes. 


THE CARTER BEQUEST. 

For extracts from the will of Charles Rooking Carter see vol. 48, 1916, 
pp. 565-66. 
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NEW ZEALAND INSTITUTE 


ESTABLISHED UNDER AN ACT OP THE GENERAL ASSEMBLY OP NEW ZEALAND 
INTITULED THE NEW ZEALAND INSTITUTE ACT, 1867; RECONSTITUTED BY 
AN ACT OP THE GENERAL ASSEMBLY OP NEW ZEALAND UNDER THE NEW 
ZEALA:ND INSTITUTE ACT, 1903, AND CONTINUED BY THE NEW ZEALAND 
INSTITUTE ACT. 1908. 


BOARD OF GOVERNORS. 

EX OFPICIO. 

. His Excellency the Governor-General. 

The Hon. the Minister of Internal Affairs. 

NOMINATED BY THE GOVERNMENT. 

Mr. Charles A. Ewen (reappointed December, 1918) ; Dr. J. Allan Thom- 
son, F.G.S., F.N.Z.Inst. (reappointed December, 1919); Mr. B. C. 
Aston, F.I.C., F.C.S., F.N.Z.Inst. (reappointed December, 1919) ; 
Dr. Charles Chilton, F.L.S., C.M.Z.S., F.N.Z.Inst. (reappointed 
December, 1918). 


ELECTED BY AFFILIATED SOCIETIES (DECEMBER, 1919). 


Wellington Philosophical Institute 

Auckland Institute ... 

Philosophical Institute of Canterbury... 
Otago Institute 

Hawke’s Bay Philosophical Institute ... 
Nelson Institute 

Manawatu Philosophical Society 
Wanganui Philosophical Society 

Poverty Bay Institute 


'Professor H. B. Kirk, M.A., 
F.N.Z.Inst. 

■ Professor T. H. Easterfield, 
M.A., Ph.D., F.N.Z.Inst. 

(Professor H. W. Segar, M.A., 

I Ph.D., F.N.Z.Inst. 

] Professor A. P. W. Thomas, 
M.A., F.N.Z.Inst. 

Dr. F. W. Hilgendorf, M.A. 

Mr. A. M. Wright, F.C.S. 

Hon. G. M. Thomson, F.C.S., 
F.L.S., F.N.Z.Inst., M.L.C. 

(Professor J. Malcolm, M.D. 

Mr. H. Hill, B.A., F.G.S. 

Dr. L. Cockayne, F.L.S., F.E.S., 
F.N.Z.Inst. 

Mr. M. A. Eliott. 

Dr. P. Marshall, M.A., F.G.S., 
F.N.Z.Inst. 

Ven. Archdeacon H. W. 
Williams, M.A. 


OFFICERS FOR THE YEAR 1920. 

President: Professor T. H. Easterfield, M.A., Ph.D., F.N.Z.Inst. 
Hon. Treasurer: Mr. C. A. Ewen. 

Hon. Editor : Mr. Johannes C. Andersen. 

Hon. Librarian : Dr. J. Allan Thomson, F.G.S. , F.N.Z.Inst. 

/ Hon. Secretary: Mr. B. C. Aston, F.I.C., F.G.S., F.N.Z.Inst. 

(Box 40, Post-office, Wellington). 
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AFPIIilATED SOCIETIES. 


Name of Sooiety. 


Secretary's Name'^and Address. 


Date of AfiELliation. 


Wellington Philosophical 
Moiety 

Auckland Institute 

Philosophical Institute of 
Canterbury 
Otago Institute . . 

Hawke’s Bay Philosophical 
Institute 

Nelson Institute . . 

Manawatu Philosophical 
Society 

Wanganui Philosophical 
Sooiety 

Poverty Bay Institute . . 


0. G. Q. Berry, Railway Build- 
ings, Wellington 

T.*F. Oheeseman, Museum, Auck- 
land 

William Martin, 51 Matai Street, 
Bicoarton, Christchurch 

Professor W. N. Benson, Univer- 
sity, Dunedin 

C. P. H. Pollock, P.O. Box 166, 
Napier 

B. L. Morley, Waimea Street, 
Nelson 

K. Wilson, 92 Rangitikei Street, 
Palmerston North 

C. R. Ford, College Street, Wa- 
nganui 

John Mouat, Adams Chambers, 
Gladstone Road, Gisborne 


10th June, 1868. 

10th June, 1868. 

22nd October, 1868. 
18th October, 1869. 
Slst March, 1875. 
20th December, 1883, 
6th January, 1905. 
2nd December, 1911. 
1st February, 1919. 


FORMEE HONORARY MEMBERS. 
1870. 


Agassiz, Professor Louis. 

Drury, Captain Byron, R.N. 
Finsoh, Professor Otto, Ph.D. 
Flower, Professor W. H., F.R.S. 
Hochstetter, Dr. Ferdinand von. 


Hooker, Sir J. D., G.C.8.I., O.B., M.D., 
F.R.S., O.M. 

Mueller, Ferdinand von, M.D., F.R.S., 
C.M.G. 

Owen, Professor Richard, F.R.S. 

Richards, Rear-Admiral G. H. 

1871. 


Darwin, Charles, M.A., F.R.S. ^ Lindsay, W. Lauder, M.D., F.R.S.E. 

Gray, J. E., Ph.D., F.R.S. 


1872. 

Grey, Sir George, K.C.B. | Stokes, Vice-Admiral J. L. 

Huidey, Thomas H., LL.D., F.R.S. I 


1873. 


Bowen, Sir George Ferguson, G.O.M.G. Pickard-Cambridge, Rev. O., M. A., F.R.S., 
Gunther, A., M.D., M.A., Ph.D., F.R.S. C.M.Z.S. 

Lyell, Sir Charles, Bart., D.C.L., F.R.S. 


1874. 

McLaohlan, Robert, F.L.S. I Thomson, Professor Wyville, F.R.S. 

Newton, Alfred, F.R.S. | • 

1876. 

Filhol, Dr. H. I Solater, P. L., M.A., Ph.D., F.R.S. 

Rolleston, Professor G., M.D., F.R.S. | 

1876. 

Berggren, Dr. B. | Etheridge, Professor R., F.R.S. 

Clarke, Rev. W. B., M.A., F.R.S. | 
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1877. 

BiUcdf ProlesBor Spenoec F, | Wdld, Frederick A. » O.M.Q. 

1878. “ 

G-arrod, Professor A. H., F.B.S. | Tenison- Woods, Bev. J. E., F.L.8. 

Miiller, Professor Max, F.B.S. | 

1880. 

The Most Noble the Marquis of Normanby, G.O.M.G. 

1883. 

Carpenter, Dr. W. B., G.B,, F.B.S. | Thomson, Sir William, F.B.S. 

Ellery, Bobert L. J., F.B.S. | 

1886. 

Gray, Professor Asa. I Wallace, Sir A. B., F.B.S., O.M. 

Sharp, Biohard Bowdler, M.A., F.B.S. j 

s 1888. 

Beneden, Professor J. P. van. | MoOoy, Professor Sir F., K.O.M.G., D.So., 

Ettingshausen, Baron von. | F.B.S. 

1890. 

Biley, Professor C. V. 

1891. 

Davis, J. W., P.G.8., F.L.S. 

1895. 

Mitten, William, F.B.S. 

1896. ‘ 

Langley, S. P. | Lydekker, Biohard, F.B.S. 

1900. 

Agardb, Dr. J. G. | Massee, George, F.L.S., F.B.M.S. 

Avebury, Lord, P.C., F.B.S. j 

' 1901. 

Eve, H. W., M.A. | Howes, G. B., LL.D., F.B.S. 

1906. 

Milne, J., F.B.S. 

1909. 

Darwin, Sir George, F.B.S. 

1914. 

Arber, E. A. NeweU, M.A., So.D., F.G.S., F.L.S. 


^ FORMES MANAGER AND EDITOR. 

[Undbb the New Zealand Institute Act, 1867 .] 

1867-1903. 

Hector, Sir lames, M.D., K.O.M.G., F.B.S. 
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PAST PEESIDENTS. 

1903-4. 

Hutton, Captain Frederick Wollaston, F.B.S. 

1905-6. 

Hector, Sir James, M.D., K.O.M.G., F.B.S. 

1907-8. 

Thomson, George Malcolm, F.L.S., F.O.S. 

1909-10. 

Hamilton, A. 

1911-12. 

Cheeseman, T. F., F.L.S., F.Z.8. 

1913-14. 

Chilton, C., M.A., D.Sc., LL.D., F.L.S., C.M.Z.S 

1916. 

Petrie, D., M.A., Ph.D. 

1916-17. 

Benham, W. B., M.A., D.Sc., F.Z.S., F.B.S. 

1918-19. . 

Cockayne, L., Ph.D., F.R.S., F.L.S., F.N.Z.Inst. 


HONOEARY MEMBERS. 

1877. 

Shabf, Dr. D., University Museum, Cambridge. 

1890. 

Livbbsidgb, Professor A., M.A., F.R.S., Nobdstbdt, Professor Otto, Ph.D., Uni- 
Fieldhead, Coombe Warren, Kingston versity of Lund, Sweden. 

Hill, England. 


1891. 

Goodalb, Professor G. L., M.D., LL.D., Harvard University, Cambridge, Mass., U.S.A. 

1894. 

CoDBiNGTON, Rev. R. H., D.D., Wadhurst Thiselton - Dybb, Sir W. T., K.C.M.G., 
Rectory, Sussex, England. C.I.E., LL.D., M.A., F.B.S., Witoombe, 

Gloucester, England. 

1901. 

Goebel, Professor Dr. Cabl von. University of Munich. 

^ 1902. 

Sabs, Professor G. O., University of Christiania, Norway. 

1903. 

Elotz, Professor Otto J., 437 Albert Street, Ottawa, Canada. 

1904. 

Buthbbpobd, Professor ' Sir E., D.Sc,, David, Professor T. Edgbwobth, F.B.S., 
F.R.S. F.N.Z.Inst., Nobel Laureate, C.M.G., Sydney University, N.S.W. 
Cambridge, England. 
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1906. 

Bbsddabd, F. E., D.So., P.R.S., Zoological | Bbady, G. S., D.So., F.R.S., University of 
Society, London. Durham, England. 

1907. 

Dbndy, Dr. A., P.R.S., King’s College, Meybiok, E., B.A., P.R.8., Marlborough 
University of London, England. College, England. 

Diels, Professor L., Ph.D., University of Stbbbing, Rev. T. R. R., P.R.8., Tun- 
Marburg. bridge Wells, England. 

1910. 

Bbuce, Dr. W. S., Edinburgh. 

1913. 

Davis, Professor W. Mobbis, Harvard Hembley, Dr. W. Botting, P.R.S., Kew 
University, Cambridge, Mass., UtS.A. Lodge, St. Peter’s Road, Broadstairs, 

Kent, England. 

1914. 

Balpoub, Professor I. Bayley, P.R.S., Haswell, Professor W. A., P.R.S, Mimi' 
Royal Botanic Gardens, Edinburgh. hau, Woollahra Point, Sydney. 

1916. 

Bateson, Professor W., F.R.8., Merton, Surrey, England. 

1916.< 

Massabt, Professor Jean, University of Brussels, Belgium. 

1919. 

Mellor, Joseph William, D.Sc. (N.Z.), Sandon House, Regent Street, Stoke-on-Trent, 

England. 

1920. 

Fraser, Sir J. G., D.C.L., No. 1 Brick Hall, Sir A. D., M.A., K.C.B., F.R.S., 
CJourt, Temple, London, E.C. 4. Ministry of Agriculture, London. 

Greoory, Professor J. W., D.Sc., F.R.S., Mawson, Sir Douglas, B.E., D.Sc., The 
F.G.S., University, Glasgow. University, Box 498, G.P.O., Adelaide. 

Woods, Henry, M.A., F.R.S., F.G.S., University, Cambridge. 


OEIGINAL FELLOWS OF THE NEW ZEALAND INSTITUTE. 

(See New Zealand Gazette, 20th November, 1919.) 

Aston, Bernard Cracroft. F.l.C., F.C.S. 

♦JBenham, Professor WilUam Blaxland, M.A., D.Sc., F.R.S., F.Z.S. 

|Best, Elsdon. 

♦fCheescman, Thomas Frederick, F.L.S., F.Z.S. 

♦fChilton, Professor Charles, M.A., D.Sc., LL.D., M.B., C.M., F.L.S., C.M.Z.S. 
♦tiCo(^kayno, Leonard, Ph.D., F.R.S., F.L.S. 
tEasterfield, Professor Thomas Hill. M.A., Ph.D., F.I.C., F.C.S. 

Farr, Professor Clinton Coleridge, D.Sc., F.P.S.L., Assoc.M.Inst.C.E. 

Hogben, George, C.M.G., M.A., F.G.S. 

Hudson, George Vernon, F.E.S. 

Kirk, Profe.ssor Harry Boner, M.A. 
ttMarshall, Patrick, M.A., D.Sc., F.G.S., F.R.G.S., F.E.S. 

♦Petrie, Donald, M.A., Ph.D. 

tRutherford, Sir Ernest, Kt., F.R.S., D.Sc., Ph.D., LL.D. 

Segar, Professor Hugh William, M.A. t' 

Smith, Stephenson Percy, F.R.G.S. 

Speight, Robert, M.A., M.Sc., F.G.S. 

Thomas, Professor Algernon Phillips Withiel, M.A., F.L.S. 

♦Thomson, Hon. George Malcolm, F.L.S., M.L.C. 

Thomson, James Allan, M,A., D.Sc., A.O.S.M., F.G.S. 


• Past President. 


t Hector Medallist. 


} Hutton Medallist. 
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OEDINARY MEMBERS. 

WELLINGTON PHILOSOPHICAL SOCIETY. 
[• Life members.] 


Ackland^ E. W., P.O. Box 928, Wellington, 

Adams, C. E., D.Sc., A.I.A. (London), 
P.Ej^.S., Hector Observatory, Wellington. 

Adkin, G. L., Queen Street, Levin. 

Andersen, Johannes G., Turnbull Library, 
Bowen Street, Wellington. 

Anderson, W. J., M.A., LL.D., Education 
-Department, Wellington. 

Andrew, R. L., Dominion Laboratory, Wel- 
lington. 

Anson, Miss J. C., Victoria College. 

Aston, B. C„ F.I.C., F.C.S., F.N.Z.Inst., 
P.O. Box 40, Wellington. 

Atkinson, E. H., Agricultural Department, 
Wellington. 

Bagley, Q., care of Young’s Chemical Com- 
pany, 14 Egmont Street, Wellington. 

B^mie, H., Public Library, Wellington. 

Bakewell, F. H., M.A., Education Board, 
Mercer Street, Wellington. 

Baldwin, E. S., 215 Lambton Quay, Wel- 
lin^n. 

Bell, E. D., Panama Street, Wellington. 

BeU^ Hon. Sir Francis H. D., K.C., M.L.C., 
Panama Street, Wellington. 

Berry, C. G. G., 35 Bolton Street, Wellington. 

Best, Elsdon, F.N.Z.Inst., Dominion Museum, 
Wellington. 

Blair, David K., MJ.Mech.E., 9 Grey Street, 
Wellington. 

Brandon, A. de B., B.A., Featherston Street, 
Wellington. 

Bretherton, A. C., Public Trust Office, Wel- 
lington. 

Bridges, G. G., 2 Wesley Road, Wellington. 

Brodrick, T. N., Under-Secretary, Lands and 
Survey Department, Wellington. 

Brown, J., Experimental Farm, Weraroa. 

Burbidge, P. W., M.Sc.,' Victoria University 
College, Wellington. 

Burnett, J., M.Inst.C.E., care of M. Burnett, 
of Richardson, McCabe, and Co., 11 Grey 
Street, Wellin^on. 

Burton, Richard F., Longner Hall, Salop, 
Shrewsbury, England.* 

Cameron, Dr. R. A., 148 Willis Street, Wel- 
lington. , 

Campbell, J., F.R.LB.A., Government Archi- 
tect, Public Works Department, Welling- 
ton. 

Carter, W. H., care of Dr. Henry, The Terrace, 

' . WelUn^on. 

Chamberlin, T. Chamberlin, Crescent Road, 
KhandaUah. 

Chapman, Martin, K.C., Brandon Street, 
Wellington. 


Ghudleigh, E. R., Orongomairoa; Waihou. 

Clark, Professor H., Victoria University Col- 
lege, Wellington. 

Clarke, J. T., care of Messrs. Searle, Joy, and 

‘ Co., 61 Victoria Street, Wellington. 

Cockayne, L., Ph.D., F;L.S., F.R.S., 

F.N.Z.Inst., Ngaio, Wellington. 

Comrie, L. J., M.A., Wapiti Avenue, Epsom, 
Auckland. 

Cotton, C. A., D.So., F.G.S., Victoria Univer- 
sity College, Wellington. 

Cowan, J., Department of Internal Aifaira, 
Wellington. 

Crawford, A. D., Box 126, G.P.O., Wellington. 

Crawford, Miss, Girls* College, Wellington. 

Cull, J. E. L., B.Sc. in Eng. (Mech.), Public 
Works Department, WelUn^on. 

Curtis, H. F., 1 9 May Street, Wellington. 

Darling, J., Kelbum. 

Davies, V. C., Devon Street, New Plymouth. 

Donovan, W., M.Sc., Dominion Laboratory, 
Wellington. 

Do re, A. B., Bacteriological Laboratory, 
Wellington. 

Dougall, Archibald, 9 Claremont Grove, Wel- 
lington. 

Dymock, E. R., F.I.A.N.Z., A.I.A. V., Wood- 
ward Street, Wellington. 

Eamshaw, W., 4 Watson Street, Wellington. 

Easterheld, Professor T. H., M.A., Ph.D., 
F.N.Z.Inst., Victoria University College, 
Wellington. 

Edwards, W, A., The Grange. 307 Willis 
Street, Wellington. 

Ewen, Charles A., Heretaunga, Upper Hutt. 

I Farquhar, Alfred S., M.A., Scots College, Wel- 
I lington. ( 

! Ferguson, William, M.A., M. Inst. C. E., 

I M. I. Mech. E., 131 Coromandel Street, Wel- 

lington. 

Findlay, Sir John G., K.C., LL.D., 197 
Lambton Quay, Wellington. 

FitzGerald, Gerald, A.M.Inst.C.E., P.O. Box 
461, Wellington. 

Fletcher, Rev. H. J., The Manse, Taupo. 

Fortune, Alfred, Huia Road, Hataitai. 

Fox, Thomas 0., Borough Engineer, Miramar, 
Wellington. 

Freeman, C. J,, 95 Webb Street, Wellington.* 

Frengley, Dr., Hatton Street, Karori. 

Frey^rg, C., Macdonajld Crescent, Welling- 
ton. * 

Fulton, J., 14 North Terrace, Kelbum. 

Fulton, W. H. J., 14 North Terrace, Kelbum. 

Furkert, F. W., A.M.Inst.C.E., Public Works 
Department, Wellington. 
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Garrow, Professor J. M. B., B.A., LL.B., 
^otoria University College, Wellington. ♦ 

Gavin, W. H., Public Works Department, 
Wellington. 

Gibbs, Dr. H. B., 240 Willis Street, Welling- 
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Leys, Cecil, Star Office, Shortland Street, ^ 
Auckland. 

Leys, T. W., Star Office, Shortland Street,, 
Auckland. 

lintott, G. S., Customs Street East, Auckland. 
Logan, R., Government Insurance Buildings, 
Queen Street, Auckland. 

Long, D., Farmers’ Freezing Company, Queen 
Street, Auckland. ^ 

Long, W. H., Woodford Road, Mount Eden. 
Lowe, Dr. De Clive, Lower Symonds Street, 
Auckland: 
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A. G., care of Collins Bros., Wyndham 
y / ! :0toeet, Auckland. 

li^llough, Hon. W., Thames. 

; Rev. W., Gardner Road, Epsom. 

> Maofarlone, J. B., Fort Street, AuoWand. 

McFarlane, T., C.E,, Coromandel. 

McGregor, W. R., University College, Auck- 
land. 

Mollraith, Dr. J. W., Commercial Hotel, 
Whangarei. 

McIntosh, D. T., Railway Offices, Auckland. 

Maokay, G. J., Queen Street, Auckland. 

Maokay, J. G. H., Ellison Chambers, Queen 
Street, Auckland. 

Maokay, P, M., Wellesley Street, Auckland. 

Maokellar, Dr. E. D., Manukau Road, Par- 
nell. 

McKenzie, Captain G., Dovonport. 

Mackenzie, Dr. Kenneth, Princes Street, 
Auckland. 

Maoky, T. H., care of Macky, Logan, and Co., 

, Elliott Street, Auckland. 

McLaughlin, T. M., Phoenix Chambers, Queen 
Street, Auckland. 

Macraillian. C. C., care of Auckland Institute, 
Auckland.* 

MeVeagh, R., Russell, Campbell, andMcVoagh, 
High Street, Auckland. 

Mahoney, T., Swanson Stroet, Auckland. 

Mains, T., Tram Terminus, Remuera. 

Mains, W., Tram Tern.ii-.ut;, Rciiiucra. 

Mair, Captain G., Rotorua. 

Mair, S. A. R., Hunter ville, Wellington. 

Major, C. T., King’s College, Romuora. 

Makgill, Dr. R. H., Health Department, Wel- 
lington. 

Mulder, F., M.P., Ranfurly Road, Epsom. 

Marrtner, H. A., New Zealand Insurance Com- 
pany, Queen Street, Auckland. 

Morsack, Dr., New Zealand Expeditionary 
Force. 

Marshall. J., Te Ataahua, Remuera Road. 

Mason, Mrs. F., care of Bank of Australasia, 
Manaia. 

Massey, Right Hon. W. F., H.P., V/ellinglou. 

Matthews, H. B.. Clonbern Road, Reinuen. 

Maxwell, L. S., Lower Hobson Street, Auck- 
land. 

Mennie, J. M., Albert Street, Auckland. 

Millef, E. V., Chelsea, Auckland. 

Miller, E. N., Albert vStreet, Thames, 

Mne, J., care of John Chambers and Son, 
Port Street, Auckland. 

Blilne, Miss M. J., Remuera. 

Milne, Stewart, care of Milne and Choyoo, 
Queen Street, Auckland. 

Milroy, S., Kauri Timber Company, .^Customs 

..Street West, Auckland. 

Milsom, Dr. E. H. B., 18 Waterloo Quadrant, 
Aucldand. 

Mitohelson, Hon. E., Waitaramoa, Remuera. 

li^tohelBon, E. P., Motutara, Waimauku. 

M<HTi8on, A. R., Palmerston Buildings, Auok- 
landL 

Morton, E., Customs Street, Auckland. 

Morton, H. B., Taumata, Wapiti Avenue, 

Epsom. 


Moses, H. C., No Deposit Piano Company^ 
High Street, Auckland. 

Mulgan, A. E.. Star Office, Auckland. 

Mulgan, E, K., Education Offices, Auckland. 

Mullins, P., Shaddock Street, Mount Eden. 

Murray, G. T., C.E., Public Works Office, 
Auckland. 

Myers, Hon. A. M., M.P., Campbell and 
Ehrenfried Company, Auckland. 

Myers, B., Symonds Street, Auckland. 

Napier, W. J., Napier, Fitchett, and Rees, 
A.M.P. Buildings, Queen Street, Auckland. 

Nathan, C. J., care of A. H. Nathan and Co., 
Customs Street, Auckland. 

Nathan, D. L., care of L. D. Nathan and Co., 
Shortland Street, Auckland. 

Nathan, N. A., care of L. D. Nathan and Co., 
Shortland Street, Auckland.* 

Neve, B., Technical College, Wellesley Street, 
Auckland. 

Niccol. G., Customs Street West, Auckland. 

Nicholson, 0., Imperial Buildings, Queen 
Street, Auckland. 

Nolan, H. 0., St. Stephen’s Avenue, Parnell. 

Oliphanl, P., 24 Sjnnonds Street, Aucldand. 

Oliver, W. R. B.,r.L.S., H.M. Customs, Auck- 
land.* 

Osmond, G. B., Royal Insurance Buildings, 
Queen Street, Auckland. 

Ostler, H. H., care of Jackson, Russell, Tunka, 
and Ostler, Shortland Street, Auckljind. 

Owen, Professor G., D.Sc., University College, 
Auckland. 

Parr, Hon. C. J., C.M.G., M.P., Shortland 
Stroet, Auckland. 

Partridge, H. E., Albert Street, Auckland. 

Patterson, D. B., Ellison Chambers, Queen 
Street, Auckland. 

Peacock, T., Queen Street, Auckland. 

Perkins, A. W., care of Dalgoty and Co., 
Customs Street West, Auckland. 

Petrie, I)., M.A., Ph.D., F.N.Z.Irist., “Rose- 
mead,” Ranfurly R()ad,J3p8om. 

Philcox, T., 11 Fairview Road, Mount Eden. 

Fhilsott, W. W., Colonial Sugar Company, 
Quay Street, Auckland. 

Pond, J. A., F.C.S., Queen Street, Auckland. 

Porter, A., care of E. Porter and Co., Queen 
Street. Auckland. 

Potter, E. H., P.O. Box 230, Auckland. 

Pountuey, W. H., Fort Street, Auckland. 

Powell, F. E., C.E., Ferry Buildings, Queen 
Street Auckland. 

Poynton, J. W., 63 Epsom Avenue, Mount 
Eden. 

Price, E. A., Cambria Park, Papatoetoe. 

Price, T. G., 109 Queen Street, Auckland. 

Pryor, S. H., 26 Penoarrow Avenue, Mount 
Eden. 

Pulling, Miss, Diocesan School, Epsom. 

Purchas, Dr. A. C., Carlton Gore Road, 
Auckland. 

Pycroft, A. T., Railway Offices, Auckland. 

Ralpli, W. J., Princes Street , Auckland. 

Rangihiroa, Dr., care of Public Health Depart- 
ment Auckland. 

Rawnsley, S., Federal Street, Auckland. 
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Eayner, Dr. F. J., Queen Street, Auckland. 

Eeed, J. E., K.C., “ Cargen,” Eden Crescent, 
Auckland. 

Eeid, J., Alien Eoad, Auckland. 

Eenshaw, F., Sharland and Co., Lome Street, 
Auckland. 

Ehodes, C., “ Ronaki,” Remuera. 

Richmond, H. P., Amey Road, Remuera. 

Robb, J., Vioto^a Avenue, Mount Eden. 

Roberton, A. B., Heather, Roberton, and Co., . 
Fort Street, Auckland. 

Roberton, Dr. E., Market Road, Remuera. 

Robertson, Dr. Garrick, Alfred Street, Auck- 
land. 

Robertson, James, Market Road, Remuera. 

Roche, H., Horahora, near Cambridge, Wai- 
kato. 

Rollett, F. C., Herald Office, Queen Street, 
Auckland. 

Rowe, J., Onehunga. 

Russell, E. N. A., Russell, Campbell, and 
MeVeagh. High Street, Auckland. 

Saunders, W. R., Commercial Union Insur- 
ance Company, Auckland. 

Saxton. A. C., Pyriiiont, Sydney. 

Scott, D. D., Kempthome, Prosser, and Cb., 
Albert Street, Auckland. 

Scott, Rev. D. I)., The Manse, Onehunga. 

Seiner, C., St. Stepluiii’s Avenue, Parnell. 

Segar, Professor H. W,, M.A., F.N.Z.Inst., 
Manukau Road. Parnell. 

Shakespear, Mrs. li. H., Whangaparaoa. 

Shaw, F., Vermont Street, Ponsonby. 

Shaw, H., Epsom. 

Simmonds, Rev. J. H., Wesley Training Col- 
lege, Epsom. 

Simson, T., Mount St. John Avenue, Epsom. 

Sinclair, A., Kuranui, Symonds Street, Auck- 
land. 

Sinclair, G., care of Pilkington and Co., 
Queen Street, Auckland. 

Skeet, H. M., Poncarrow Avenue, Mount Eden. 

Smeeton, H. M., Remuera. 

Smith, E., New Brighton, Miranda.* 

Smith, H. G. Seth, 88 Victoria Avenue, 
Remuera.* 

Smith, Captain James, Franklin Road, Pon- 
sonby. 

Smith, Mrs. W. H., Princes Street, Auckland. 

Smith, S. Percy, F.R.G.S., F.N.Z.Inst., New 
Plymouth.* 

Smith, W. Todd, Brooklands," Alfred Street, 
Auckland. 

Somerville, Dr. J., Alfred Street, Auckland. 

Somerville, J. M., Chelsea, Auckland. 

Speckling, J. C., Market Road, Remuera. 

Stanton, J., Fort Street, Auckland. 

Stewart, D. F., care of R. S. Lamb and Co., 
32 Jamieson Street, Sydney. 

Stewart, J. W., Wyndham Street, Auckland. 

Stewart, John A., Kainga-tonu, Ranfurly 
Road, Epsom. 

Stewart, R. Leslie, care of Brown and Stewart, 
Swanson Street, Auckland. 

Streeter, S. C., Enfield Street, Mount Eden. 

Suter, A,, Loutis, Clonbem Road, Remuera. 

Swan, H. C., Henderson. 


Swanson, W., Queen Street, Auckland 

Talbot, Dr. A. G., A.M.P. Buildings, Queen 
Street, Auckland. 

Thomas, Professor A. P. W., M.A.i,'" F.L.S., 
F.N.Z.Inst., Mountain Road, Epsom. 

Thornes, J., Queen Street, Auckland. ^ 

Tibbs, J. W., M.A., Grammar School, Aiiok* 
land. 

Tinne, H., Union Club, Trafalgar Square, 
London.* 

Tole, Hon. J. A., Queen Street, Auckland. 

Townson, W., Thames. 

Trounson, J., Northcote. ^ 

Tudehope, R., Wellesley Street, Auckland. 

Tunks, C. J., Jackson, Russell, Tunks, 
Ostler, Shortland Street, Auckland. 

Turner, E. C., care of Turner and Sons, 
Market Square, Auckland. 

Upton, J. H., Bank of New Zealand Buildings, 
Swanson Street, Auckland. 

Upton, P., South British Insurance Company, 
Queen Street, Auckland. 

Upton, P. T., P.O. Box 878, Auckland. 

Upton, Selwyn, Star Office, Auckland. 

Vaile, E. E., Broadlands, Waiotapu. 

Vaile, H. E., Queen Street, Auckland. 

Vernon, W. S., M.A., University College, 
Auckland. 

Virtue, P., Roller Mills, Quay Street, Auck- 
land. 

Wade, Captain, H. L., New Zealand Expedi- 
tionary Force. 

Wake, F. W., Cleave’s Buildings, High Street, 
Auckland. 

Walker, Professor Maxwell, University Col- 
lege, Auckland. 

Walklato, J. J., Electric Tramway Company, 
Auckland. 

Wallace, T. F., Waihi Gold-mining Company, 
Shortland Street, Auckland. 

Ware, W., Portland Road, Remuera. 

W’arnock, J. A., 2 King Street, Grey Lynn. 

Wells, T. U., Westbourne Road, Remuera. 

White, P. C., care of S. White and ^ns. 
Customs Street West, Auckland. 

White, R. W., Wellington Street, Auckland. 

Whitley, W. S., Albert Street, Auckland. 

Whitney, C. A., Colonial Ammunition Com- 
pany, Auckland. 

Whittomh. F., Newmarket. 

Williams, N. T., National Insurance Company, 
Queen Street, Auckland. 

Williamson, C., Commercial Bank Buildings, 
Auckland. 

Williamson, J. D., Northern Club, Auckland. 

Wilson, Andrew, District Surveyor, Hangatiki., 

Wilson, C. A., P.O. Box 1081, Auckland. ^ 

Wilson, F. W., Herald Buildings, Queen 
Street, Auckland. 

Wilson, G. A., Wilson and Canham, Ferry 
Buildings, Auckland. 

Wilson, H. M., Town Hall, Auckland. 

Wilson, ^J. A., care of A. Eady and Sona> 
Queen Street, Auckland. 

Wilson, il. M., Portland Road, Remuera. 

Wilson, John, New Zealand Insurance Build- 
ings, Queen Street, Auckland. 
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^ liflton, Upland Road, Remueza. 

||l{^ Martina, Roaelle, Lower Remuera. 

Mnii R. M., Russell Road, Remuera. 
^^ilson, W. Ru, HekiM Office, Queen Street, 
Auol^nd. 

Wing, S., Hellabys Limited, Shortland Street, 
Auoklimd 

''Winkelmazm, H., Victoria Arcade, Auck- 
land. 

Winsltone, F. M., Claude Road, Epsom.* 
Winstone, G., Customs Street East, Auck- 
lland. 

Wiseman, F., Queen Street, Auckland. 
Wiseman, J. W., Albert Street, Auckland. 


Withy, E., care of Auckland Institute, Auck- 
land.* 

Wood, Rig^it Rev. C. J., D.D,, Bishop of 
Melanesia, Norfolk Island.* 

Woodward, W. E., Union Bank of Australia, 
Queen Street, Auckland. 

Woollams, W. H., Queen Street, Auckland. 

Worley, Professor F. P., D.Sc., Universi]^ 
College, Auckland. 

Wright, Jl., care of A. B. Wright and Sons, 
Commerce Street, Auckland. 

Wyllie, A., C.E., Electrical Power Station, 
Breakwater Road, Auckland. 

Yates, E., Albert Street, Auckland. 

Young, J. L., Henderson and Macfarlane, 
Union Buildings, Customs Street, Auckland. 


PHILOSOPHICAL INSTITUTE OF CANTERBURY. 
[*Life members.] 


.Aoland, Br. H. T. D., 381 Montreal Street, 
Chiistohurch. 

Aoland, H. D., 42 Park Terrace, Christchurch. 

Aldridge, W. G., M.A., Technical School, 
InvercargilL 

Alexander, R. E., Canterbury Agricultural 
College, Lincoln. 

Allan, H. H., M.A., F.L.S., High Street, Ash- 
burton. 

Allison, H., care of Harman and Stevens, 
Christchurch. 

Alpers, 0. T. J., 69 Fendalton Road. 

Anderson, Mrs., Murchiston, St. Martin’s, 
Ohnstchurch. 

Anderson, J. G., M.So., Boys’ High School, 
InvercargilL 

Arohey, G. E., M.A., Canterbury Museum, 
Christchurch. 

&tee, D., Sumner. 

^ttghan. Miss B. E., Sumner. 

]^ven, A. W., care of Andrews and Beaven, 
Moorhouse Avenue, Christchurch. 

Beere, Miss M., Bank of New Zealand, Christ- 
ohuroh. 

Belshaw, Horace, High School, Ashburton 

B^, E. J., care of Public library, Christ- 
church. . 

Berry, R. E., 166 Manchester Street, Christ- 
church. 

Bevan-Brown, C. E., M.A., Boys’ High School, 
Christchurch. 

Bingham, S. C., 31 Gracefield Street, Christ- 
church. 

Bird, J. W., M«A., Nelson College, Nelson. 

Birks, L., B.Sc., care of Public Works De- 
partment, Wellington. 

Bishop, F. C. B., 10 Cranmer Square, Christ- 
church. 

Bishop, R. C., Gas Office, 77 Worcester 
Street, Christchurch. 

Biss^t, J. W., EAiapoi Woollen Company, 
Ohristohuroh. 


Blanch, G. E., M.A., Christ’s College, Christ- 
church. 

Booth, G. T., 242 Papanui Road, Christchurch. 

Borrie, Dr. F. J., 236 Hereford. Street, Christ- 
church. 

Borrie, Miss, 236 Hereford Street, Christ- 
church. 

Bradley, Orton, Charteris Bay. 

Boag, T. D., Bryndwyr. 

Brittin, Guy, Riwaka, Motueka, Nelson. 

Broadhead, H. D., M.A., Canterbury College, 
Christchurch. 

Brock, W., M.A., Education Office, Christ- 
church. 

Brockett, A. E., M.A., B.Com., Technical 
College, Christchurch. 

Brown, Professor Macmillan, M.A., LL.D., 
“ Holmbank,” Cashmere Hills.* 

Burnett, T. D., Mount Cook, Fairlie. 

Callaghan, F. R., M.A., Education Office, 
Auckland. 

CampbelL J. W., Chancery Lane, Christchurch. 

Chilton, Professor C., D.Sc., M.A., LL.D., 
F.N.Z.Inst., F.L.S., Canterbury College, 
Christchurch.* 

Christensen, C. E., Hanmer. 

Clark, W. H., 100 Bealey Avenue, Christ- 
church. 

Cocks, Rev. P. J,, B.A., St. John’s Vicarage, 
Christchurch. 

Cocks, Miss, Colombo Road South, Christ- 
church. 

Colee, W. C., M.A., Schoolhouse, Opawa. 

Coles, W. R., 266 Wilson’s Road, Christchurch. 

Collins, J. G., care of Collins and Harman, 
Christchurch. 

Corkill, F. M., B.Sc., Canterbury College, 
Christchuroh. 

Cowley, S. R., 166 Antigua Str^ Christ- 
church. 

Dash, Charles, 233 Norwood Street, Becken- 
ham, Christchuroh. 





Day, James S., oare of Dominion Trast Com- 
pany, 163 Hereford Street, ChristehureL 

i^ans, John, Kirkstyle, Coalgate. 

iDeans, William, Sandown, Waddington. 

Diokinson, S. B., M.A., St. Andrew’s, Christ- 
church. 

Dobson, A. Dudley, M.InBt.C.E., City Conn- 

! oil Office, Christchurch. 

Dorrien-Smith, Major A. A., D.S.O., Tresco 
Abbey, Scilly, E^and. 

Drummond, James, F.L.S., F.Z.S., Lyttelton 
TimeSf Christchurch. 

English, R., F.C.S.. M.I.M.E., Gas Office, 
Christchurch. 

Evans, Professor W. P., M.A., Ph.D., Canter- 
buiy Colley, Christchurch. 

Everist, W., Iyer’s Pass Road, Christchurch. 

Fairbaim, A., 63 Fendalton Road, Christ- 
church. 

Farr, Professor C. Coleridge, D.Sc., F.P.S.L., 
F.N.Z.Inst., Canterbury College, Christ- 
church. 

Ferrar, Miss, 450 Armagh Street, Christ- 
church. 

Ferrar, H. T., M.A., F.G.S., Haokthome 
Road, Cashmere, Christchurch. 

Flesher, J. A., 169 Hereford Street, Christ- 
church. 

Flower, A. E., M.A., M.Sc., Christ’s College, 
Christchurch. 

Foster, Dr. A., 135 Hereford Street, Christ- 
church. 

Foweraker, C. E., M.A,, Canterbury College, 
Christchurch. 

Francis, J. W. H., care of Rhodes, Ross, and 
Godby, Hereford Street, Christchurch. 

Freeman, Dr. D. L., N.D.A., Technical Col- 
lege, Christchurch. 

Gabbatt, Professor J. P., M.A., M.So., Canter- 
bury College, Christchurch. 

Garton, John W., Woolston Tanneries (Li- 
mited), Woolston, Christchurch. 

Garton, W. W., M.A., Elmwood School, 
Christchurch. 

Gibson, Dr. F. Goulbuni, 121 Papanui Road. 

Gilling, W. 0. R., M.A., B.So., 206 West- 
minster Street, St. Albans, Christohurph. 

Godby, M. H., M.A., B.Sc., Hereford Street, 
Clu^tchuroh. 

Godby, Mrs M. H., Fendalton, Christchurch. 

Goss, W., Peterborough Street, Christchurch. 

Gould, George, 4 Fendalton Road, Christ- 
church. 

Gourlay, E. S., 416 River Road, Christchurch. 

Gourlay, H., 619 Manchester Street, Christ- 
churcL 

Graham, Charles H. E., School, Tai Tepu. 

Gray, G., P.C.S., Lincoln. 

Greenwood, F., B.A., Education Office, Christ- 
church. 

Grigg, J. C. N., Longbeaoh. 

Gu^x, M. C., M.A.,MLSo., Boys’ High School, 
Christchurch. 

Guthrie, J)r. John, Armagh Street, Christ- 
church. 

Hall, Miss, 42 Gloucester Street West, Christ, 
church. 


Hamilton, W. M., 366 Papanui Rdi^, 
church. ' ' ^ 

Hansen, 1^. D. E„ M.A., M.Sq., T^hoioal 
College, Christchurch. ; - ^ ^ 

Haszard, H. D. M., F.R.G.S., Lailicfa ‘ 
Christchurch. " ! ‘ 

Haynes, E. J., Canterbury Museum, Chz^^) 
church. 

Hayward, J. R., 48 Peterborough Street^ 
Christohurcli. 

Henry, G., oare of P. Kennedy, 178 Si Asaj^,: 

Street, Christchurch. 4 

Herring, E., 28 Paparoa Street, Papanui. 
Herriott, Miss E. M., M. A., Canterbury Ocl« 
lege, Christohuroh. 

Hewitt, S. J., 2^ Selw 3 m Street, Christohuroh. 
Hight, Professor J., M.A., Litt.D., Canter- 
bury College, Christohuroh. 

Hilgendorf, F. W., M.A., D.Sc., Canterbury 
Agricultural College, Lincoln.* 

Hill, Mrs. Carey, Clifton, Sumner. 

Hitchings, F., F.R.A.S., 69, Durham Street, 
Sydenham. 

Hodgson, T. V., F.L.S., Science and Art 
Museum, Plymouth, England. 

Hogg, E. G., M.A., F.R.A.S., Hackthome 
Road, Cashmere, Christohuroh. 

Hogg, H. R., M.A., F.Z.S., 7 St. Helen’s 
Place, London E.C. 

Holford, George, B.Ag., care of P.O. Box 921^ 
Christchurch. 

Holland, H., 108 St. Asaph Street, Christ- 
church. 

Holloway, Rev. J. E., D.Sc., Hokitika. 
Howard, E. J., care of Trades Hall, Christ- 
ohuroh. 

Humphreys, G., Fendalton Road, Fendalton* 
Ingram, John, 39 Mansfield Avenue, St. 
Albans. 

Irving, Dr. W., 56 Armagh Street, Christ- 
church 

Jameson, J. 0., Hereford Street, Christohuroh., 
Jamieson, A. W., 404 Hereford Street, Christ- 
church. 

Jamieson, W. G., Deans Avenue, '"Lover 
Ricoarton. * 

Jennings, Bella D.,‘ M.A., D.Sc., oare of 
Captain Cross, 49 Crescent Road, Welling- 
ton. 

Johnston, A. A., M.R.C.'F.S., Papanui Road, 
Christchurch. 

Kaye, A., 429 Durham Street, Chiittohuioh. 
Keir, James, oare of P. and D. Dunoan 
(Limited), Christohuroh. 

Kidson, Lieutenant E. R., M.Sc., oare of 
H. T. Kidson, Van Dieman Street, Kelson.* 
Kirkpatrick, W. D., F.R.H.S., M.A, Red- 
cliffs, Sumner. 

Kitohingman, Miss, Haokthome Road, Cash- 
mere. 

Knight, H. A^ Racecourse Hill, 

Laing, R. M., M.A., B.So., Boys’ High Solyol, 
Christohuroh. 

Lauienson, J. B., Box 381, Christchurch. 
Lester, Dr. G. M. L., 2 Oranmer Square^ 

' Christohuroh. 





]9. S., Somerfieid Street» Sprey- 

I>r., M. Q., 186 Worcester Street, 
•<;. ;€feristchuroh. 

!]^tiisBon, Hon. C., M.L.C., oare of Crown 
Brewery, Christohuroh. 

Macartney, E., Tai Tapn. 

Macbeth, N. L., Canterbury Frozen Meat 
Company, Her^oid Street, Christohuroh. 
McBride, T. J., 15 St, Albans Street, Christ- 
ohuroh. 

MaoGibbon, Br. T. A., Boyal Exchange Build- 
ings, Christohuroh. 

Maofeod, B. B., M.A., B.So., Canterbury 
College, Christohuroh. 

Maaniner, H. J., Sumner. 

Ma^, H. E., Cashmere. 

Marshall, Mra., 148 Esplanade, New Brighton. 
Martin, William, B.So., Education Office, 
Cffiristohurch. 

Meares, H. 0. B., Fendalton. 

MtlJb, Mies M. M., M.A., Temuka. 

Morkane, Br. C. F., 153 Hereford Street, 

, Christohuroh. 

Montgomery, John, 27 Garden Road, Christ- 
church. ^ 

Morrison, W. G., Hanmer. 

Mountfo]^ A. V., F.C.S., Woolston Tan- 
neries (Limited), Woolston, Christohurch. 
Murray, Miss F. B., Canterbury College, 
Christohuroh. 

Murray, W., “ Balgownie,” Opawa. 

Naim, R., linooln Road, Spreydon. 

Neal, N. P., Agricultural College, Lincoln. 
Newburgh, W. S., oare of Newburgh, Best, 

' and Co., Cathedral Square, Christchurch. 
Newton, A. Wells, 58 Brittan Street, Linwood. 
Oliver, F. S., care of C. E., Salter, Hereford 
Street, Christohurch. 

OlUver, Miss F. M., M.A., M.Sc., Waimate. 
Ollivier, C. M., Lower Riocarton, Christ- 
ohuroh. 

Owen, H., care of Cook and Ross, Ohrist- 
ohuroh. 

Overton, Miss, 24 Hereford Street, Christ- 
ohuroh. 

Paf», S., B.So., Canterbury College, Christ- 
&uroh. 

Piurman, Br. J. C., 21 Latimer Square, Christ- 
ohuroh, 

Pairman, Br. T. W., Governor’s Bay. 

Pannett, J. A., Cashmere Hills. 

Paterson, A. B., care of H. Hobday, 60 Here- 
ford Street, Christchurch. 

Pearson, Br. A. B., Hospital, Christchurch. 
Pemberton, 0. B., care of A. and P. Rooms, 
Manohester Street, Christohuroh. 

Bmlington, G., F.N.Z.I.A., Warrington Street, 
St. Albans. 

Powell, P: H,, M.So., Canterbury College, 
Christohuroh. ^ 

pnt^oe, J. C., 20 Kidson Terrace, Cashmere. 
Porohas, Rev. A. C., M.A., Hokitika. 

Puidm,' William C., Agricultural College, 
Unooln.' 
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Pumell, George P., 106 Glouoester S t ree t , 
Christohuroh. 
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